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Abstract

The world is extremely diverse and its diversity is obvious in the cultural differences and
the large number of spoken languages being used all over the world. In this sense, we need
to collect and organize a huge amount of knowledge obtained from multiple resources
differing from one another in many aspects. A possible approach for doing that is to think
of designing effective tools for construction and maintenance of linguistic resources and
localized domain ontologies based on well-defined knowledge representation
methodologies capable of dealing with diversity and the continuous evolvement of human
knowledge. In this thesis, we present a collaborative platform which allows for knowledge
organization in a language-independent manner and provides the appropriate mapping
from a language independent concept to one specific lexicalization per language. This
representation ensures a smooth multilingual enrichment process for linguistic resources
and a robust construction of ontologies using language-independent concepts. The
collaborative platform is designed following a workflow-based development methodology
that models linguistic resources as a set of collaborative objects and assigns a
customizable workflow to build and maintain each collaborative object in a community
driven manner, with extensive support of modern web 2.0 social and collaborative

features.
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Chapter 1

INTRODUCTION
THE CONTEXT

Recently, there have been great advances in semantic-aware and context-aware
applications. Semantic-aware applications are mainly intended to assist with
information retrieval. They are designed to return more accurate search results by
trying to extract the embedded meaning of the search keywords. On the other hand,
context-aware applications are smart applications capable of detecting the user’s social
and physical surroundings (i.e. physical location, weather forecast) and provide in-site
recommendations and short answers to user’s queries submitted in natural language.
Both semantic-aware and context-aware applications rely on knowledge based
approaches, i.e. approaches which exploit the semantics of information in order to
deliver the necessary and sufficient information to the user and avoid delivering
irrelevant and extra information. Examples of knowledge based approaches include:
automatic classifications (Giunchiglia, F. et el. 2007 b), abstract reasoning (Giunchiglia,
F. et el. 1997), ontology matching (Giunchiglia, F. et el. 2007 a), ontology mapping
(Giunchiglia, F. et el. 2010a), common sense reasoning (Bouquet, P. et el. 1995) and

natural language data and metadata understanding (Zaihrayeu, 1. et el. 2007).

One of the major requirements of knowledge based approaches is to consider the
diversity in human knowledge as people in different parts of the world have
different ways of living and thinking. Diversity appears in the same natural language
terminologies as the same word may refer to more than one object (homonymy) and the
same object might be referred to with more than one word (synonymy). A major
challenge appearing here is how to deal with diversity in order to increase the accuracy
of semantic-aware and context-aware applications. In fact, this requires huge
background multilingual linguistic resources which must provide adequate coverage for

the diversity of the world and means of transforming this big amount of linguistic data



into useful domain specific knowledge. In addition, it must allow for extensibility as

knowledge is continuously evolving.

Therefore, this challenge reflects two main research directions that we need to go
through: (1) Defining methodologies for capturing and organizing multilingual linguistic
information in a formal way; and (2) Designing and implementing usable tools for

gathering diverse linguistic terminologies and cross-culture knowledge.

Capturing and organizing multilingual linguistic information in a formal way can be
achieved by working at idiom level, i.e. by defining a piece of knowledge, or a semantic
entry and its mapping to a set of lexical definitions in multiple languages forming
semantic multilingual linguistic resource. Enriching this linguistic resource requires
interactive and user-friendly web application that allows geographically distributed
linguistic and domain experts to contribute in a collaborative manner. Their
collaboration should take place based on a well-defined collaborative methodology
which states clearly the development processes, user roles, and access rights. In
addition, the collaborative methodology needs to remove the communication barrier
between the participants and allow them to discuss various domain-related topics,

share ideas and reach to common agreements.

THE PROBLEM

Knowledge is continuously evolving in a diversified world. Diversity is a world fact that

we have to address and deal with; it appears in more than one dimension:

e Diversity in natural language terminologies: the same object maybe referred
to with more than one word. For example, the word fridge is used throughout the
northern and western regions of the United States while the word refrigerator is
used more throughout the southern and eastern regions. On the other hand, the
same word may refer to more than one meaning based on the context of usage.
For example, the word kind means sort or type in one sense and means gentle or

merciful in another sense.



e Diversity in formal language representations: any representations may differ
according to the scope of the domain, purpose of the representation or the
conceptual point of view of the domain expert. For example, one domain expert
may classify cars as economic, luxury, and sports cars while another domain
expert may classify them based on car models and brands. Another approach is to
allow the two experts to collaborate and come up with a classification that

capture both point of views.

e Diversity in human knowledge: knowledge may differ based on cultural
differences or personal opinions. For example, Arab countries bring up horses
only for riding and racing purposes while other countries may bring them up as a

food.

As a result, a complete digital formal linguistic resource which acts as source of
knowledge for knowledge seekers and as a background database for semantic
applications is very hard to construct and maintain. This is mainly for the following
specific reasons: (1) it should be very large and capture most if not all of the real life
concepts, (2) it should be accurate which requires huge manual intervention in order to
deal with problems like natural languages ambiguity and defining appropriate context
for words usages, (3) it should be diversity aware and capable of capturing the regional
and cultural differences, (4) it should be well organized and semantic aware in order to
be reused in building efficient end-user software applications, (5) it should be
extensible since knowledge is continually evolving with time and provide feasible
extensible mechanisms without the need to reconstruct any part of the knowledge base,
and (6) it should be easily accessible anywhere with friendly user-interface and don’t

require complicated installation process.

There is a lack of tools that cover these set of features together and provide support for
manual collaborative enrichment of linguistic resources and ontology development in a

way that promote diversity aware and cross-culture domain knowledge availability.



THE SOLUTION

This thesis aims to provide a methodological and technological approach for designing
and implementing a collaborative platform for enriching linguistic resources and
developing multilingual ontologies. The platform facilitates the management of

diversity across cultures and development of localized domain ontologies.

The platform uses the Universal Knowledge Core as the background methodology for
knowledge representation, also referred to as UKC, a framework designed and
implemented by knowdivel! group. The UKC framework defines a comprehensive
methodology for organizing knowledge obtained from multiple languages into three
main levels: (1) Natural language level, (2) Formal Language Level, and (3) knowledge
level (Giunchiglia, F. et el. 2012a and Giunchiglia, F. et el. 2012b). Therefore, the UKC
framework provides the necessary background semantic representation we need to rely

on.

After deciding on the background semantic representation, we defined a collaborative
development methodology based on the notions of collaborative objects and
collaborative workflows. The methodology models the project under development into
a set of collaborative objects and assigns a customizable collaborative workflow for
each object. The collaborative workflows could model the process required for the
development of a specific linguistic object and specify the roles of domain experts who
will participate in the process, other constraints like time constraints could also be
managed by setting timers and due dates to the workflow process. The workflow is
customizable since workflows differ from project to project according to the structure
and nature of the project. For example, the development of specific domain ontology for
banking systems may require development of several classes of objects related to the
financial transactions (i.e. withdraw, transfers, and the rest of financial transaction
types) and other classes of objects related to banking card types (credit, debit, and the
rest of banking card types). The objects related to financial transactions contain a fair

amount of sensitive domain specific attributes, therefore the collaborative methodology

1 http://disi.unitn.it/~knowdive/
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could be adopted to model these objects as collaborative objects and assign to them a
workflow process that requires approval from at least four banking domain experts. On
the other hand, Objects related to banking cards types are simpler and well known to
domain experts, thus these collaborative objects could be assigned a workflow process
that requires approval from only one banking domain expert. This fine grained
development methodology may results in more accurate development of domain

ontologies and within managed time ranges.

The collaborative methodology has been applied on UKC content and a collaborative
interactive web platform has been designed, implemented and evaluated. The web
platform was designed and implemented by following an iterative approach started by
implementing a multilingual version of WordNet application accessing UKC content as a
read-only linguistic resource. In parallel, an initial version of the UKC web platform was
designed and implemented to provide an interactive environment for manipulating UKC
content as an editable linguistic resource. A comparative evaluation was conducted
between the UKC web platform and WordNet application in order to come up with a
final refined version. Finally, the UKC web platform was further evolved to support
collaborative development of UKC content according to the proposed collaborative
methodology. The final collaborative platform allows participants to collaborate
together in a social media and build a virtual community by leveraging a group of web

2.0 social features like message boards, online discussions, and interactive polls.

INNOVATIVE ASPECTS

The flexible, yet managed, collaborative approach proposed in this thesis is applicable
to any project that requires development in community-based manner. Modelling a
project as a set of collaborative objects and assigning a customizable workflow instance
to each collaborative object is a fine grained development approach. Most of the
commonly existing collaborative development tools offer the “single approval model”,
an approach which allows for collaborative development and keeps the changes

pending till getting approved by a domain expert.


http://en.wikipedia.org/wiki/Social_media
http://en.wikipedia.org/wiki/Virtual_community

However, there have been few trials to develop specific workflow-based approaches.
(Palma, R. et el. 2008) and (Sebastian, A. et el. 2008) proposed an editorial workflow
approach for ontology development using specific workflow ontology for defining
workflows. Both approaches define domain specific workflows by making use of
predefined workflow ontology. Our approach differs as it defines a set of domain non-
specific collaborative workflows and makes use of them on the level of collaborative
objects under development instead of one custom workflow for the development of the

whole domain.

STRUCTURE OF THE THESIS

The thesis is divided into three parts. Part I introduces the problem statement, the
proposed solution and the state of the art. The state of the art explains briefly the
notions of lexical databases and ontologies then points out to the common web-based

lexical databases and ontology development tools.

Part Il introduces the methodological contributions of the thesis. Chapter 3 presents the
UKC methodology for knowledge organization and describes how the methodology
provides a clear distinction between formal and natural language representations.
Chapter 4 presents a novel methodology for collaborative development. The
methodology is based on the notions of collaborative objects and collaborative
workflows. In this chapter, we explain the methodology and how it could be applied in

collaborative development in step-by-step basis.

Part III introduces the technological contributions of the thesis. Chapter 5 presents the
UKC WordNet application, a multilingual version of the famous WordNet application
that has been designed to access the UKC linguistic resource. Chapter 6 presents the
UKC Interactive Platform, a rich client web application for analyzing and enriching the
UKC linguistic resource. Chapter 7 presents a comparative evaluation between UKC
WordNet application and UKC interactive platform.

Chapter 8 presents the UKC collaborative platform, a web application for UKC linguistic
resource enrichment and formal ontology design in a community based manner.

Chapter 9 documents a collaborative development experiment conducted in order to

7



design a multilingual ontology about the “flowing bodies of water”, the experiment took
place as part of the evaluation process of the UKC collaborative platform. Chapter 10

concludes the thesis and points out to the future work.



Chapter 2

STATE OF THE ART

In this chapter, we explain briefly the notions of lexical databases and ontologies and

point out to the major contributions and related work in these two areas.

We first start by defining the notion of lexical database and explain the requirements of
a complete and well defined lexical database. Then we list the available lexical

databases currently existing on the web and their main characteristics.

Then we define the notion of ontology and list the available ontology development tools.
Our main focus is on ontology development tools that are characterized by being

collaborative and web-based.

LEXICAL DATABASES
The word lexical is defined in the word reference dictionary? as:

“"

Adjective: “... related to words or the vocabulary of a language as distinguished from its

grammar and construction....”

Starting from this definition, we can provide a more formal definition for a lexical
database as an organized resource of the vocabulary of a language. It stores information
about morphemes, the smallest possible unit of a language such as words, and

meanings.

A lexical database could be designed in many different ways but however a complete
lexical database should capture the knowledge that a native speaker has about the

language. It should store at least the following information:

2 http://www.wordreference.com/



e Words, word forms, and phrases.
e Meaning of words with usage examples.
e The word part of speech (noun, verb, adjective, or adverb)

e Relations between words and phrases.

Another important distinction should be made when designing a lexical database is
regarding its users, human users vs. natural language processing engines. For human
users, it might be sufficient to capture and store the least amount of linguistic details
that could be used in designing effective end-user applications. For natural language
processing engines, the lexical database must be machine readable which requires
defining means of organizing linguistic information in semantic ways and preserve the

semantic relations between them.

Lexical databases could be multilingual and store the vocabulary of multiple languages;

designing such a database introduces a couple of additional requirements:

e Provide means for matching lexical entries of any two languages. For example,
matching synonym lexical entries might be used in building applications like

online dictionaries.

e Allow for extensibility and adding more languages in a straightforward manner.

LEXICAL DATABASES ON THE WEB

There are small number of lexical databases and linguistic resources that exist today
and have web platforms for linguistic analysis and enrichment. In the following

paragraphs we review them briefly:

WordNet (Fellbaum, C. 1998 and Miller, George A. 1995) is a famous and accurate
electronic lexical database of English nouns, verbs, adverbs, and adjectives grouped into
a set of cognitive synonyms called synsets. WordNet lexical database was constructed
and organized based on psycholinguistic principles related to theories of human mind

lexical organizations. It was developed manually by a group of knowledge experts which

10



was the main reason for its accuracy. The latest version of WordNet released in

November 2012 contains 155,287 words organized in 117,659 synsets.

MultiWordNet3 and EuroWordNet* are multilingual lexical databases aligned with
WordNet and structured in the same way as WordNet. They are considered as an
extension to WordNet which resolve its multilingual drawback. Both of these
multilingual resources provide synsets which are strictly aligned with WordNet English
synsets and their semantic relations were imported from WordNet and preserved for

the translated synsets.

BabelNet (Navigli, R. and Ponzetto, SP. 2010) is a multilingual semantic network
constructed automatically following a methodology that integrates lexicographic and
encyclopedic knowledge from WordNet and Wikipedia. Its multilingual support was
automatically constructed using machine translations in order to enrich their lexical
representations. BabelNet wasn’t constructed based on a formal representation.
BabelNet provides a graphical user interface, known as BabelNetXplorer (Navigli, R.
and Ponzetto, SP. 2012). BabelNetXplorer allows the users to visually explore the
knowledge repository but maintaining and enriching the linguistic resource is not

supported.

FrameNet (Baker, Collin F. et el. 1998 and Baker, Collin F. 2003) is lexical database of
English has more than 10,000 word senses. It's machine-readable database, based on
providing annotated examples of how words are used in actual texts. FrameNet is
constructed based on a theory called Frame Semantics which assigns a semantic frame
to each concept, i.e. a description explains the usage of the concept and its relations with
other concepts. FrameNet has been constructed manually by defining language
independent frames and annotated examples. The multilingual lexicalization was done

as separate projects.

3 http://multiwordnet.fbk.eu

4 http: //www.illc.uva.nl/EuroWordNet
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To the best of our knowledge, none of these tools has been built on a methodology for

organizing knowledge obtained from multiple languages into natural language level and

formal language level in order to facilitate extensibility and multicultural environment

support. We could not also find a tool that provides collaborative extensibility based on

a novel collaborative methodology. Table 2.1 provides a comparison between our

collaborative platform and the commonly used linguistic tools, our platform supports

all the listed distinctive features that none of them supports all of them.

Linguistic Tool | Multilingual Distinction Manual Content Analysis Collaborative
Resource | hetween Natural | Construction | Using Interactive Enrichment
and Formal tool
Language
WordNet No No Yes Yes No
MultiWordNet Yes No Yes Yes No
EuroWordNet Yes No Yes Yes No
BabelNet Yes Yes No Yes No
FrameNet Yes Yes Yes Yes No
Our Tool Yes Yes Yes Yes Yes

Table-2.1: Comparison between our tool and the commonly used linguistic tools.

ONTOLOGIES

Ontology is a hybrid term used in philosophy and information sciences. The origin of the

word comes from the Latin word Ontologia (ont- + -logia), which means the science of

existence.

The word ontology is defined in the word reference dictionary as:

(1) Noun: “.. the branch of metaphysics that studies the question of what it means to

exist...”

(2) Noun: “..the set of entities presupposed by a theory..."
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Starting from this definition, we can simply state that an ontology aims to define
theories and models about reality and relations between existing objects. There have
been several definitions for the notion of ontology in philosophy and information
sciences. In order to stay in line within the context of this thesis, we focus only on the

definitions proposed by information scientists.

In 1993, Gruber defined the notion of ontology as an “explicit specification of a
conceptualization” (Gruber, T. 1993). In other words it means a clear well-defined
representation of an abstract view of the world. A conceptualization is merely an
abstraction of the world, or part of the world, in the form objects and relationships

between objects.

In 1997, Borst proposed another definition and defined ontology as a “formal
specification of a shared conceptualization” (Borst, W. N. 1997). Borst has added the
word “shared” to describe the conceptualization which means that the abstract
representation should be based on a common agreement instead of a personal point of
view. Borst also replaced the word “explicit” with another word “formal” which means

that the abstract representation should be free from ambiguity.

In 1998, Studer merged these two definitions in one definition: “ontology is a formal,

explicit specification of a shared conceptualization.” (Studer et al 1998).

The three definitions agreed on defining an ontology as a well-defined
conceptualization. For instance, let’s consider the field of computer science as an
example of an ontology (Figure 2.1), an ontology engineer may organize it into set of
concepts and relations. The concepts include the topics such as Artificial Intelligence,
Natural Language Processing, and Machine Learning. The relations between them

include subtopic-of, prerequisite-to and complementary-to.
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Artificial Intelligence

Machine Learning SymbolicLogic

Natural Languagd Processing

Speech Recognition  Knowled ge Representation

< sub-topic
- required-for
€= —_ complementary-to

Figure-2.1: Simplified Computer Science Ontology

There have been also several trials to classify ontologies into different types.

(Meersman et el 1999) classified ontologies into two main categories:

e Thesaurus: domain specific ontology that models object, facts, and relations of a

certain domain such as computer science, economics, or law.

e Lexicon: a language specific ontology that models object vocabularies of specific

language. Lexical databases defined earlier are examples of lexicon ontologies.

Another classification proposed by Giunchiglia (Giunchiglia et el. 2009b). This paper
introduced the notion of lightweight ontologies as the backbone structure of the
ontology visualization graph which is composed of concepts labelled with natural

language names (nodes) and semantic relations (edges).
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Lightweight ontologies are classified into two categories:

e Descriptive lightweight ontologies: define the meaning of terms as well as the

nature and structure of a domain.

o (lassification lightweight ontologies: describe and classify large collection of

data items.

After defining and classifying ontologies, it's essential to understand the benefits of
developing new ontologies. Since ontologies provide a shared conceptualization and
common understanding of a specific domain of interest, they may play a major role in

supporting information exchange in various application areas.

(Fensel, D. 2001) identified three main application areas where ontologies may be used

as the background schema for information exchange:

1. Information Search and knowledge management: these application areas
include end-user applications and organization-wide applications.

2. Web Commerce: these application areas include online shopping applications.

3. Electronic business: these application areas include enterprise and e-government

applications.

Since ontologies are used nowadays in several application areas, one common pitfall is
to think of an ontology as being equivalent to a database schema or to consider them
analogous. There are two main differences between an ontology and a database schema:
(1) an ontology is designed based on a common agreement for the purpose of
knowledge representation and sharing while a database schema could be modelled on
individual basis for the purpose of data storage, and (2) an ontology is represented in a
formal language supporting real-life reasoning while a database schema is modelled in a

simple tabular form.
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ONTOLOGY DEVELOPMENT TOOLS ON THE WEB

Ontology development tools that are web based and allow for collaborative
development are few. Our main focus is on web based tools that support collaborative
ontology editing through the web. Tools like OntoStudio (Weiten, M. 2009) and
TopBraid Composer (COMPOSER, T. 2007) are mature tools for ontology development
and offer wide range of functionalities such as ontology modeling, importing ontologies
in standard formats, and ontology matching. Both of them offer collaborative
development extension to the main tool which doesn’t go beyond internal shared access
of a locally controlled ontology. Therefore, it would be hard to adopt them as
collaborative tools for building diversity aware ontologies and require participation
from a geographically distributed domain experts while web based tools could be easily
adopted for this purpose. Web based ontology development tool used these days could
be classified into two main categories: (1) Semantic Wiki based tools; and (2)

Interactive web based tools.

SEMANTIC WIKI BASED TOOLS

Semantic Wiki aims to combine traditional wiki systems with Semantic Web by
introducing semantic web technologies like RDF and OWL to the traditional Wiki.
Ontology development tools that are based on Semantic Wiki based systems have
gained popularity during the past few years with the increase of active contributors to
the traditional encyclopedia® as they could be easily extended and become familiar to
many domain experts. Semantic Wiki based tools are capable of providing a
development approach similar to the one provided by the traditional wiki. Although the
development process is straight forward but it is not customizable based on the
contents and the nature of domain under development. On the following paragraphs we
go through the main and the most promising Semantic Wiki based ontology

development tools.

5 http: //www.wikipedia.org/
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OntoWiki (Auer, S. et el. 2006) is a knowledge base which provides visual
representation of domain ontologies as information maps. Information map entries are
represented as web accessible pages and interlinked to related digital resources.
Ontowiki also provides contextual views for entities, i.e. map views for locations and
calendar views for instance data. The tool supports collaborative content enrichment by
enabling users to rapidly editing or adding contents through an inline editing mode
analogous to the WYSIWYG (What You See Is What You Get) editing strategy for text
editing, since information can be edited in the same environment as it is presented to
users. Social collaboration features are supported by OntoWiki: (1) commenting on
contents, (2) tracking all changes performed by contributors such as: contributions to
the ontology schema, additions of entities or comments, and information about the

contributor; and (3) entities rating

CofficientMakna (Tempich, C. et el. 2007) is a Semantic Wiki tool for collaborative
ontology engineering that allows participants to create ontologies from scratch or
import existing ontologies to the wiki, imported ontologies are mapped to the wiki
hypertext model according to a predefined schema. The collaborative development is
augmented with the use of an argumentation ontology that formalizes the arguments
exchanged between participants (issues, ideas and discussions) and provides a
reasoning mechanism can alert users if they agree and disagree on the introduction of

the same ontology entity.

MoKi (Ghidini, C. et el. 2010) is a tool for modeling ontologies and enterprise process
models in a collaborative MediaWiki® based approach. The tool associates a wiki page
containing both unstructured and structured information to each entity of the ontology.
The unstructured information contains the MediaWiki markup format (text, images,
drawings, or any markup format) while the structured information contains description
knowledge stored according to the modeling language adopted (RDF or XML) where
each entity is described by means of triple having the form (subject, relation, object).
Moki supports multi-mode access to the page contents and exchange of comments to
provide ease of use for different categories of users such as domain experts and

knowledge engineers.

6 http://www.mediawiki.org/
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INTERACTIVE WEB BASED TOOLS

Ontology development tools that are designed and implemented as interactive web
based tools are sort of challenging. They require more facilities in addition to exposing
the ontology development functionalities. They should provide means for ontology
visualization and manipulation in interactive way, management of concurrency control,
mechanisms for data storage and alignment. On the following paragraphs we go through

the main and the most promising interactive web based development tools.

OntoLingua (Farquhar, A. et el. 1997) was one of the earliest trials to provide
collaborative ontology development on the web. It supports collaborative ontology
construction by providing simultaneous work tasks through group sessions, i.e. a user
opens a session and then may assign another group of people ownership to it. This
enables any other member of that group to join the session and work simultaneously on
the same set of ontologies. One of the main drawbacks stands in the fact that it was built
using outdated web standards, for instance the server cannot notify users that a change
has occurred until they revisit the page again. This tool also has no social collaboration

features.

Protégé (Tudorache, T. et el 2007 and Tudorache, T. et el 2008a) is an open-source
community with a suit of plug-ins that allow domain experts to construct domain
models and knowledge-based applications using ontologies. Protégé supports the
creation, manipulation and visualization of ontologies in various formats (RDF, OWL,
and XML). The Protégé platform supports two main ways of modelling ontologies;
Protégé frames editor models ontologies as a set of classes organized in a subsumption
hierarchy to represent a domain's fundamental concepts and a set of slots associated to
classes to describe their properties and relationships, Protégé-OWL editor models
ontologies for the semantic web using the Web Ontology Language (OWL). WebProtégé
(Tudorache, T. et el 2008b and Tudorache, T. et el 2012) is an extension project that
supports collaborative ontology editing through the web. It allows multiple users to edit
the same ontology at the same time and all changes made by one user are seen
immediately by other users with possibility of adding comments and annotations. In

addition, it has support for web 2.0 features such as discussions, online chatting, and
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voting on content. Collaborative Protégé has an extension for supporting project specific
workflows that could be defined using a generic ontology for modelling workflows
(Sebastian, A. et el 2008a and Sebastian, A. 2008b). A workflow execution engine is
required to interact with Protégé to run the modelled workflow for a specific project.
This approach differs from our approach, as the workflow is modelled for a specific
project and our approach offers a customized workflow for each collaborative object in

the project.

Table 2.2 provides a comparison between our collaborative platform and the commonly
used ontology development tools, our platform supports all the listed distinctive

features that none of them supports all of them.

Linguistic Tool Content Collaborative | Ontology | Web2.0 | Workflow | Workflow Per
Analysis Using | Enrichment | Localization | Features | Support | Collaborative
Interactive tool Object
MoKi No Yes No Yes No No
OntoWiki No Yes No Yes No No
CofficientMakna No Yes No Yes No No
Ontolingua No Yes No No No No
Protege Yes Yes No Yes Yes No
Our Tool Yes Yes Yes Yes Yes Yes

Table-2.2: Comparison between our tool and the commonly used ontology

development tools.
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Part II - Methodological Contributions

1. Universal Knowledge Core
e Natural Language Core (NLC)
e Concept Core (CC)

2. Collaborative Development Methodology
e Collaborative Object
e Collaborative Workflow

e Steps in the Methodology
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Chapter 3

UNIVERSAL KNOWLEDGE CORE (UKC)

The Universal Knowledge Core (UKC) is a comprehensive and extensible multilingual
knowledge base. One of our main goals is to build the UKC as a high quality cross-
culture and diversity aware knowledge base. In order to achieve this goal, UKC has been
designed based on a knowledge organization methodology which keeps it unique from
existing linguistic resources. For instance, WordNet is among the most widespread and
commonly used lexical resources. However, it has several limitations. In particular, it’s
only in British English, and the glosses given for the terms reflect the British society and
culture. For example, the term “primary school” is defined as “a school for young
children; usually the first 6 or 8 grades” which is clearly biased towards the British
educational system. Thus, as it is, WordNet in a multilingual and multicultural
environment, it does not bring a real competitive advantage. On the other hand, UKC
provides a mapping from word forms (coming from different languages) to language
independent concepts in order to represent and analyze how a language independent
concept is expressed in different languages, or which synonymous sets are used to
express that meaning in each language, or a lexical gap in case a lexicalization for the
concept doesn’t exist in the language. A part from this lexical mapping, the UKC manages
also semantic relations between concepts which allows for developing domain specific

ontologies in a language independent manner.

UKC is made of different cores, but in thesis we are focusing only on two of them,
Natural Language Core (NLC) and Concept Core (CC). In this chapter, we first start by
explaining the Natural Language Core then the Concept Core and finally we provide four
possible usage scenarios and techniques for enriching the UKC framework and ontology

development.
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NATURAL LANGUAGE CORE (NLC)

Words are the basic linguistic units of languages. Each word in a natural language may
have one or more meanings, known as word senses. One word may have over than 20
meanings based on the context of the word usage in the sentence. For instance, the

word play has a different meaning in each of the following sentences:

- “We went to see the play Romeo and Juliet at the theatre”
- “The coach devised a great play that put the visiting team on the defensive”
- “The children went out to play in the park”

- “Can you play on this old recorder?”

The Natural Language Core (NLC) models a language as a huge container of synsets and
lexical gaps. A synsetis a set of words having the same word sense. A synset, in addition
to being a set of synonym words, is also characterized by having a natural language
gloss and a part of speech (POS). The gloss is a brief description of the meaning of the
words, it provides a brief explanation of the words with one or more usage examples.
The part of speech (POS) is the category to which a word belongs in accordance to its
syntactic functions, it indicates whether a word is either noun, adjective, verb, or

adverb.

Every synset is associated with one language-independent concept. It may happen that a
language-independent concept has a corresponding synset in one language and a gap in
another language, formally known as a lexical gap. This model is similar to WordNet as
it groups words with same meaning into synsets but it extends WordNet as it deals with

multiple languages and accounts for lexical gaps.

Figure-3.1 gives an example of the English word “kind” which has two different synsets.
The first synset is associated with three senses (form, sort, and kind) which correspond
to the meaning of “Category of things”. The second synset is associated with one sense
(kind) which corresponds to the meaning of “Someone having or showing tender or
helpful nature”. In the same figure, the Italian word “Gentile”, the translation of word

kind, has one word sense and one corresponding synset.
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Word Senses Svnset
F > - .
orm Form " | Form Sort Kind
Sort *  Sort Gloss: 4 category of things
distinguished by some
. common characteristic.
Kind
Kind ] Kind
Kind - Gloss: Having or showing
In » a tender, considerate,
and helpfid nature.
I [English] I
G-entile
Gentile > Gentile * Gloss: Disponibile e
pieno di aitenzioni verso
gli altri, per educazione o
buon carattere.

| [Italian] |

Figure-3.1: The relation between the English word “kind”, its senses, and synsets

and the Italian word “Gentile”, its sense and synset.

Synsets and their word senses relate to other Synsets through lexical relations. Natural
language core defined 17 different types of lexical relations, here we explain them

briefly:

1. Synonymy: a symmetric relation connecting two senses having the same Part of

Speech and sharing the same meaning, i.e. early synonym soon.

2. Antonym: a symmetric relation connecting two senses having the same Part of

Speech but having an opposite meaning, i.e. early antonym late.

3. Homograph-of or homonymy: a relation between two words having the same
Part of Speech and they are spelled or pronounced exactly the same way but they
differ in meaning; i.e. bank as financial institution is homograph of bank as

sloping land.
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Pertains-to: a relation between an adjective and an adjective or a noun, i.e.

fraternal pertains to brother.

Pertainym-of: a relation between an adverb and the corresponding relational

adjective; chemically pertains to chemical.

Participle-of-verb: relation between an adjective - the participle - and a verb; i.e.

breaking is the participle of the verb break.

Also-see: a relation between two adjectives or between two verbs similar in

meanings; i.e. unaware and unconscious is similar in meanings.

Similar-to: a relation between two similar adjectives but not equivalent; i.e.

ponderous similar to heavy.

Related-form or derivationally related form: a relation between two words
where one of them is a lexical variation of the other; i.e. personhood is related to

person.

10. Hyponymy or subordination: a relation between two words indicating

11.

12.

13.

14.

15.

16.

17.

subordination or belonging to a lower ranks or classes; i.e. chicken is hyponymy
of bird.

Hypernym or insubordination: a relation between two words indicating
insubordination or belonging to a higher rank or class; i.e. bird is a superordinate

class of chicken.
Meronymy: a relation between a part and the whole; i.e. finger is part of hand.
Holonymy: a relation between a whole and its parts; i.e. hand has finger.

Substance meronymy: a relation between a constituent and a compound; i.e.

hydrogen is a substance of water.

Member meronymy: a relation between a member and the belonging group or

set; i.e. a football player is a member of a football team.

Lexical entailment: a relation between two verbs denoting activities which are

in temporal inclusion; i.e. snoring entails sleeping.

Verb-group: a relation between two verbs representing actions or states which

are similar in meaning; i.e. survive is a verb group with exist.
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CoNCEPT CORE (CC)

The Concept Core (CC) is the codifying information about language-independent
concepts and relations between them. Every synset in a natural language is associated
with exactly one language-independent concept. Each concept is having a concept Id as
a unique identifier and a concept label as a descriptive word obtained from the first
language-dependent synset associated with the concept. Figure-3.2 associates two
language-independent concepts to the language-dependent synsets of (fail and go
wrong) and (fail and breakdown) in English and Italian, together with the
corresponding semantic relations between those concepts. Given that, the English

synset for (fail and breakdown) corresponds to a lexical gap in Italian.

| Word ‘ | Senses ‘ ‘ Synset | ‘ Concepts

gowrong Y Bowrone ___‘b‘ gowrong ‘ ‘ fail ‘

fail Tt

@ Gloss: to be
/ unsuccessful.

fail

. fail breakdown
fail >
breakdown .
Gloss: stop operatin
et breakdown > _p_ A g
or functioning.
[English}]
fallire abortire

fallire -} fallire N
Gloss: non riuscire

abortire + abortire > o non portare a
termine qualcosa.

| Lexical GAP

' [italian] !

| INLC] | I__—(CC] |

Figure-3.2: The relation between the English word “fail”, its senses, and concepts

and the Italian word “fallire”, its sense and concepts.
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Concepts are related to other concepts through semantic relations. Concept Core has
divided semantic relations into two different types of relations: hierarchical relations
and associative relations. Hierarchical relations are transitive, asymmetric, and form
coherent hierarchies in the form of parent-child relations, while associative relations

connect concepts in different hierarchies in the Concept Core

The Concept Core defined four different types of hierarchical semantic relations. Here

we explain them briefly:

1. Is-a: a specialization relation between two concepts that indicates the necessity of
specialization, i.e. minivan is-a car.

2. Has-aspect: a relation indicating the possibility of specialization into a subordinate
class in a given context; i.e. chicken is food when cooked.

3. Part-of: a relation that holds between a part and the whole; i.e. finger is part of hand.

4. Value-of: a relation that holds between a value and its attribute name; i.e. red is a

value of color.

The Concept Core defined three different types of associative semantic relations. Here we

explain them briefly:

1. Substance-of: a relation that holds between a constituent and a compound; i.e.
hydrogen is a substance of water.

2. Member-of: a relation that holds between a member and the belonging group or set;
i.e. football player is a member of a football team.

3. Metaphor-of: a relation that holds between the metaphoric meaning and its literal

meaning; leg of a table is a metaphor of leg of a human.
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UKC USAGE SCENARIOS

In this section, we define the possible scenarios that could be accomplished using UKC.

There are mainly four possible scenarios for enriching UKC:

1. Enriching UCK as a multilingual linguistic resource.
2. Translating a linguistic item exists in UKC from one language to a new language.

3. Designing language-independent formal ontologies using language-independent

concepts.

4. Localizing existing formal ontologies to a new language.

1- LEXICAL RESOURCE ENRICHMENT

4 N

Preparation :

(1) Choose a target language to enrich.
(2) Define the new synset { words, gloss, and POS)
(3) Check if the defined synset has a language-independent concept.

\ J
r Y
Enrichment:

(1) If the language-independet concept has been found, the new synset is mapped to it.

Otherwise, anew language-independent concept and a new synset are added to the
lexical resource.

\ J
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2- LEXICAL RESOURCE TRANSLATION

-
Preparation :
(1} Choose a source language (language to translate from).
(2} Choose atarget langnage (language to translate to)

(3) Obtain the synset which require translation from the source language and it's
language-independent concept.

.

7

Translation:

(1) Define the translated synset in the target language ( words, gloss, and POS) or a
lexical gap if the target language has no corresponding synset.

(2} Map the translated svnset to the obtained language-independent concept.

.

3- ONTOLOGY DESIGN AND DEVELOPMENT

-

Preparation:

(1) Choose a target langnage

(2} Analyze the domain that should be captured by the ontology.
{3) Define the ontology conceptual model

L

-

Development:
(1) Retrieve the ontology langnage-independent concepts.

(2) For missing concepts, define new concepts and their corresponding svnsets in the
target language.

(3) Define semantic relations between langnage-independent concepts.
\
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4- ONTOLOGY LOCALIZATION

-
Preparation:
(1) Choose a source langnage (language to translate from).
(2) Chosse a target language (language to translate to).
(4) Obtain the ontology language-independent concepts.

(4) Obtain the corresponding ontology in the source language.
\,

-

Localization:

(1) Define the translated svnsets in the target language (words, gloss and POS) or a
lexical gap if the target language has no corresponding synset.

(2) Map translated synsets to the ontology language-independent concepts.

.
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Chapter 4

COLLABORATIVE DEVELOPMENT METHODOLOGY

Recently with technology advances such as web 2.0 and the widespread of social
networks and online communities, Ontology development has been transformed from a
process performed by a single domain expert in isolation into a collaborative process

performed by a group of domain experts distributed all over the world.

In this chapter, we explain our methodological approach for collaborative enrichment of
multilingual linguistic resources and development of ontologies. The methodology
incorporates web 2.0 features to the development process through the use of

collaborative objects and collaborative workflows.

The chapter starts by defining the notions of collaborative objects and collaborative
workflows, highlighting on the differences between collaborative and non-collaborative
objects and between collaborative workflows and standard process management
workflows. The chapter then proceeds by explaining the proposed collaborative
methodology in step by step basis and applying the methodology for UKC development

as a practical case study.

COLLABORATIVE OBJECT

A collaborative object is a web-based item that could be instantiated in a collaborative
manner. Examples of well-known collaborative objects include web based online
meetings and social events organized using shared online calendar. The main difference
between a collaborative and non-collaborative object stands in the fact that the former
needs to be defined based on common agreement. Table 4.1 provides a brief
comparison between the characteristics of collaborative objects and non-collaborative

objects.
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Collaborative Object | Non-collaborative Object

Value is assigned as a result of

Yes No
collaborative effort?
Value could be known in

No Yes
advance?
Value could be calculated
based on specific rule or No Yes

mathematical formula?

Table 4.1- Collaborative Object vs. Non-collaborative Object

COLLABORATIVE WORKFLOW

In order to explain clearly the concept of a collaborative workflow, we initially start by
defining the standard process management workflow as an automation of a work process
during which the work tasks are passed from one participant to another according to
predefined set of rules and each participant is assigned a specific user role. An efficient
process design and implementation should result in an improved work process and
elimination of any unnecessary steps. The standard workflow process is designed and
implemented using workflow management software. On the other hand, we define the
collaborative workflow as an automated process implemented using workflow
management software augmented with social collaboration software (online
discussions, interactive polls, or any other collaborative software tool). The
collaboration software is introduced in order to facilitate communication via facilities
supporting discussions and exchanging of ideas among the participants. The
collaborative workflow is expected to provide significant efficiency gains to the process
after eliminating the communication barriers between the participants and
transforming the single-user decision making steps into common decision agreement

steps. Table 4.2 provides a brief comparison between the two types of workflows.

31




Collaborative Workflow

Process Management

Workflow
Instance could be fully
automated without human No Yes
intervention ?
Instance may have a
predefined input, if fulfilled
No Yes

the instance completes

successfully ?

Table 4.2- Collaborative Workflow vs Process Management Workflow

The main requirement for supporting a collaborative workflow is to provide social

collaboration facilities and a work breakdown structure of an automated process. The

work breakdown structure is provided in the form of different types of process nodes

and user roles that are meant to constitute the main structure and sequence of

workflow process steps. In our collaborative methodology definition, we are going to

define and use six different types of nodes. A node can be a state, a human task, a

condition, a fork, a join, a timer, and a notification. Each node has a unique set of

properties; we explain them briefly as follow:

1. A state: represents a step in the workflow process that executes immediately

and requires no user intervention. Any workflow process starts with an initial

state and terminates with a final state.

Initial State

l

Intermediate State(s)

|

Final State
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2. A task: represents a step in the workflow process that requires human
intervention or input from a user. The task is blocked until user input completes.
Tasks should be linked with defined user roles or user groups sharing a common

role, i.e. a user who can complete a task review must be holding the reviewer

role.

Approve a Task

3. A condition: represents a decision making step and based on the condition the

workflow takes a specific route.

condition

Save Task and mark as Delete Task.

approved.

4. Fork and Join: are used together to model parallel processing in a workflow
process. The fork node splits the flow into two parallel sub-flows in order to
perform parallel processing tasks. The join node merges them back and retains

the original workflow only in case of successful completion of the two parallel

sub-flows.
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17 Review a Task —l

Technical Review Theoretical Review

o~

Final Review

Approve a Task

5. A timer: assigns a specific duration for tasks in order ensure that important tasks
in a workflow aren’t forgotten or left undone for a long period of time due to

absence of users.

—" Assign the Task to another

reviewer if not approved within 2

days.

6. A notification: is a message sent to one of the participants to communicate a

piece of information.

(S )
"~/ The manual task you have

submitted has been approved.
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STEPS IN THE METHODOLOGY

In this section, we propose the collaborative methodology in step-by-step basis. The
methodology is not limited to UKC ontology development and localization, it is generic
enough to be applied to any collaborative development project. In fact, we are
considering UKC as a practical case study in order to explain and verify the

methodology. The methodology is composed of three steps, here we explain them:

1- Definition of the collaborative objects: this step requires modeling the project as

collection of collaborative and non-collaborative objects.

In UKC (Figure 4.1), four collaborative objects were defined: Synset, Lexical Gap,
Semantic Relation, and Lexical Relation. The Concept object is the only non-collaborative
object as it is auto-generated with the creation of a new synset which has not yet
associated with already defined concept. In other words, the first language defining a

new notion triggers the generation of the language-independent concept.

Concept
Semantic Relation ] -concept identifier
-source concept -concept label

-target concept

-relation type

| J 1 1

® b
Synset Lexical Gap
language identifier Jlanguage identifier
-words
-gloss
-part of speech
e
Lexical Relation
-source synset Non-collaborative object
-target synset
- relation type Collaborative Object
S |

Figure 4.1- Collaborative and non-collaborative objects in UKC
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2- Definition of the collaborative workflows: this step requires defining the user roles
and the collaborative processes needed to manipulate the collaborative objects. We may
define one or more collaborative workflows based on the structure and nature of the
project under development. The complexity of the defined workflows may vary based

on the nature of domain under development and the number of participants required.

In UKC, the collaborative process is a two-phase process (development phase and
validation phase) which required two main user roles: UKC Developer and UKC
Validator. We then define and explain briefly two types of workflows containing two
human tasks involving UKC Developers and Validators: (1) The single approval

workflow, and (2) The group approval workflow.

The single approval workflow process (Figure 4.2) is instantiated when a participant
holding UKC Developer role manipulates a collaborative object via CUD operation
(Create, Update, or Delete). The workflow process then assigns a validation task to a
participant holding UKC validator role. The validator decides whether to accept or reject
the developer’s recent manipulation. In case of rejection, the task is sent back to the
same developer for reviewing and resubmission. While taking into consideration that
the whole process augmented with social collaboration features (comments, discussions
boards, and other features) and the final decision is taken as a result of common

agreement between the participants.

The group approval workflow (Figure 4.3) is similar to the single approval workflow
except that the approval decision is taken by a group of validators based on a specific
condition, i.e. at least three out of four validators (majority vote) should accept the

manipulation.
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Approve

Yes

The task is marked
as approved and
the updated entries
become available o
End Users

Figure 4.2: Single Approval Workflow

37

{%Adda rejecticn
reason and notify the
developer to resubmit
the tash.

Single Approval Workflow




UKC Developer

M anipulate Collaboration Object -

@Svstﬁn assigns a new validation task to
the corresponding UKC Validators and sends
a notification to the group of validators

UKC Validator

UKC Validator

Validators view and validate the task. 5

Mo

Mumber of validators
participated > 4

Approval percentage
> 75%

The task is marked
as approved

Figure 4.3: Group Approval Workflow
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3- Mapping objects to collaborative workflows: this step requires specifying which

collaborative workflow needs to be employed for each collaborative object. However,

such mapping can be partial and it is not mandatory to map all the collaborative objects

to collaborative workflows. In fact, unmapped collaborative objects are directly

manipulated without going through any process management procedure.

In UKC (Figure 4.4), we mapped the development of synsets to the group approval

workflow while the development of lexical gaps is mapped to the single approval

workflow and the rest of collaborative objects are not mapped to any collaborative

workflows

---------

Group Approval Workflow

Concept
Semantic Relation -concept identifier
-source concept -concept label
-target concept
-relation fype
g
Synset Lexical Gap
-language 1dentifier -language 1dentifier
> =
-gloss
-part of speech
AR
Lexical Relation
-50Urce symset
arget synset
- relation fype

[E—

Single Approval Workflow

Figure 4.4: Mapping UCK Collaborative Object to Collaborative Workflows.
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Figure 4.5 summarizes the main phases of the collaborative methodology. We argue that
the proposed methodology is fine grained and highly customizable which is expected to
provide a high level of accuracy and time saving as well. A practical example for
applying this methodology in translating synsets from English to French may reflect the
expected advantages. The French language is characterized by being content rich and its
synsets may involve a high degree of ambiguity. Therefore, it would be desirable when
translating synsets from English to French to confirm the translated synsets using the
group approval workflow and after getting at least three approvals from French
linguistic experts. On the other hand, a lexical gap in French could be simpler and easy
to spot by a French native speaker. Therefore, using the single approval workflow which
requires participation of one French linguistic expert could be sufficient to confirm the

existence of the lexical gap.

4 N

1- Define collaborative objects
(a) Define object model

(b) Disinguish between collaborative and non-collaborative objects.

. S

4 N

2- Define collaborative workflows

(a) Define user roles and user groups.
(b) Define the collaborative process.

. J

4 )

3- Map collaborative objects to collaborative workflows

The mapping is optional objects that are not mapped to specific workflows could be
maniuplated without going through an editorial process.

. v

Figure 4.5: The three main phases of the collaborative methodology
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Part III - Technological Contributions

1. UKC WordNet Application

e User Studies
e Requirement Specifications

e User Interface Design

2. UKC Interactive Platform

User Studies

Requirement Specifications

Overall Architecture

User Interface Design

3. UKC Collaborative Platform

User Studies

Requirement Specifications

Overall Architecture

User Interface Design
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Chapter 5

UKC WORDNET APPLICATION

UKC WordNet is a web application providing access to the linguistic data stored in the

UKC framework.

An online demo is available at: http://uk.disi.unitn.it:8089 /ukcui/wordnetview.htm

The application has been designed to resemble the original user interface of WordNet

(http://wordnetweb.princeton.edu/perl/webwn) after taking permission from the

WordNet team; we sincerely thank them for that. However, the UKC WordNet View

differs from the original WordNet in being a multilingual linguistic resource.

The main idea behind designing an application that resembles the original WordNet is
to fulfil the following goals: (1) Allow users who are familiar with WordNet to start
accessing the UKC and rapidly get to know about its contents and main features, and (2)
Conduct a comparative evaluation between our UKC interactive platform and WordNet
application while both accessing the same linguistic data source, the comparative

evaluation is documented in the next chapter.

USER STUDIES

At the start of any project, it's highly desirable to start by doing: (1) user studies, and (2)
requirement specifications. Those are essential steps needed to guide during the design

and implementation process.

User studies define the categories of users who are going to access and use the
application. Also define the user roles as well as the application views that each user is
allowed to access. There are several research methods used to conduct user studies”.

Here, we explain the most common and relevant ones:

7 http://wwwe.usability.gov/how-to-and-tools/methods/user-research/index.html
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1- Personas: define reliable and realistic representations of the application main users
and audiences. Personas should describe users briefly together with their backgrounds,
goals and values. They also should try to express and focus on the major needs and

expectations of the users.

2- Scenarios: describe the context behind why a specific user or a user group comes to
use the application. They explain briefly the user goals and define the possibilities of
how the user(s) can achieve them. Scenarios can be represented in several ways;

elaborated story-telling scenarios and use case scenarios are the most common ways.

3- Task Analysis: is a process of learning about ordinary users by observing them in
action to understand in detail how they perform their tasks and achieve their intended
goals. Task analysis helps identify the main tasks that your application must support
and also helps application designers refine or re-define specific application features
such as navigation or search types by determining the appropriate content needed by

actual users.

4- Interviews: are conversations with a purpose between an interviewer and an
interviewee. The main purpose of this type of interviews is to gain deeper
understanding of the users or user groups who come to use the application. Interviews
might take place in individual bases where the interviewer asks the interviewee a
predefined set of questions or in groups, known as focus groups, similar to a moderated

discussion between at least five or more participants.

5- Online Surveys: are a form of structured questionnaire that targets the application
users over the internet generally through filling out a web form. Online surveys can vary
in length and format. The collected data can be analyzed to gain insights about users,
their goals, and what sort of information users are looking for from using the

application.

UKC WordNet view application is a read-only application that was designed for
navigating the UKC linguistic resource. We performed the user studies by conducting
interviews with knowledge experts and reading the online documentation published by
the WordNet team. (Sample of the interviews are listed in Appendix A). The user

studies revealed that WordNet has only one user, we called the user: UKC User, who is

43



able to navigate the application, read UKC synsets in a specific language and perform
linguistic analysis. In the next section, we present the gathered requirement

specifications for UKC WordNet view Application.
REQUIREMENT SPECIFICATIONS

Requirement specifications capture the main system requirements and describe the

different forms of interaction modalities between the system and the users.

We define the system requirements for the UKC WordNet application in the form of use
case scenarios following the standard specification of the unified modeling language
(UML)8. Use case scenarios are considered as one of the standard techniques for
capturing the system functional requirements in the form of a narrative interactive
scenario between the user and the system. The scenarios explain the sequence of
interactions, user roles, and the system responsibilities. There are mainly three

different types of scenario:

e Main Scenario: a basic scenario represents a single unit of meaningful work that

terminates by achieving a user goal, such as read synset, create synset, or any

other possible scenario.

UKC User

e Extension Scenario: an optional scenario that may happen as an extension to
the main scenario. For example, analyzing synsets after retrieving them from the

system database is an extension scenario.

8 http://www.omg.org/spec/UML/
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UKC User

e Sub-Scenario: an internal or included scenario that takes place as a part of the

main scenario. For example, reading words is a sub-scenario of reading synsets.

UKC User

e Collaborative-Scenario: a shared scenario that takes place in a collaborative
manner between a group of participants. For example, the approval of a newly

created synset by a group of knowledge experts.

— —_—

Approve Synset )

- -
e S —

UKC Validator(s)
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UKC WordNet application has only one scenario, reading synsets using textual search by

a word lemma.

1- Read Synsets

Main Scenario: Read Synsets

1- User chooses the source language and types any word aiming to retrieve the word
synsets.

2- System auto-suggests words based on what the user has typed.

3- User selects one of the auto-suggested words or presses the Search button.

4- System retrieves and displays the synsets having a sense for the entered word.

Extension Scenario-1: Read Relations

5- User chooses to read the synset relations (semantic, lexical, or semantic-lexical
relation)
6-System retrieves the synset relations and visualizes them in the vicinity of the original

synset.

Extension Scenario-2: Analyze Synsets
5- User may decide to analyze the displayed synsets by updating how synsets are

displayed (show/hide the gloss or the example sentences).
6- System applies the performed visual changes on the displayed synsets
7- User can retrieve more synset relations and continue performing the analysis on the

new results.

Read Relations

wextendss» |
e |
Read Synsets {‘E‘ﬂq: nds»

wextends» I
S

Analyze Synsets

UKC User
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USER INTERFACE DESIGN

Figure 5.1 shows the application user interface. The user can start a new search by
typing a word and choosing the desired language. The application then retrieves the set
of synsets organized by their part of speech (Noun, Adjective, Verb, and Adverb) and
sorted by their synset rank.

The user may interact with the retrieved synsets by clicking on the letter “S” next to the
synset to show either semantic relations with the language-independent concept or the
lexical relations with language dependent synset. On the other hand, clicking on the

letter “W” shows lexical relations with words.

The user can modify the visual display for the displayed synsets by updating the display
options. For each synset, it's possible to show or hide the: gloss, example sentences,
synset provenance details, or the language-independent concept identifier for the

concept associated with the synset.

Word to search for: kind S| Language: English '~ Search

Display Options:

(Select option to change) |~ Change

Key: "S:" = Show Synset (semantic and semantic-lexical) relations, "W:" = Show Word (lexical) relations
Display options for sense: (gloss) "an example sentence”

Noun
S (n)kind, sort, form variety (a category of things distinguished by some common characteristic or quality) "sculpture is a form of art"
Adjective

+ S (adj) kind (having or showing a tender and considerate and helpful nature) used especially of persons and their behavior
+ S (adj) kind, genial (agreeable, conducive to comfort) "a dry climate kind to asthmatics”
+ S (adj) kind, tolerant (tolerant and forgiving under provocation.) "our neighbor was very kind about the window our son broke"

Figure 5.1 UKC WordNet View Application User Interface
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Chapter 6

UKC INTERACTIVE PLATFORM

UKC interactive platform is a web application for accessing and manipulating the

linguistic data stored in the UKC.

An online demo is available at: http://uk.disi.unitn.it:8089 /ukcui/ukc.htm

The application was designed and implemented as a rich client internet application

having the same instant responsive behavior, look and feel of desktop applications.

In this chapter, we explain the user studies, requirement specifications together with
the application overall architecture and user interface design of the UKC interactive

platform.

USER STUDIES

User Studies was the first step in designing UKC application as an interactive platform
for navigating and enriching UKC linguistic resource. we performed the user studies by
conducting interviews with knowledge experts who are fully aware and familiar with
linguistic resources. The user studies revealed that that UKC interactive platform has

three main categories of users (Figure 6.1):

e UKC Users: are those who are allowed to view the UKC knowledge base for the
navigation and linguistic analysis without performing any updates to the

linguistic resource.

e UKC developers: are knowledge experts and domain developers who are able to
perform development and maintenance operation on the UKC knowledge base.
The UKC developers are allowed to access the application Read/Write interactive

features through the application user interface.
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e UKC Administrators: have full access to system features and they can perform
administrative tasks such as creating users, creating groups and assigning user

roles to users.

UKC Developer

Figure 6.1- Access rights for different categories of users; End Users have read
only privileges, UKC Developers have read/write privileges; and UKC
Administrators have full access.

REQUIREMENT SPECIFICATIONS

The Natural Language Core (NLC) and Concept Core (CC) scenarios presented in this
section explain the core functional scenarios for the management of UKC linguistic
resource items: synsets, lexical gaps and concepts as well as lexical relations between
senses and semantic relations between concepts. Knowing that, words and their
exceptional word forms are not managed explicitly through their corresponding synset.
For each synset, it is allowed to define any number of synonym words and manage the

order of these words.
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The UKC linguistic resource is a multilingual one, therefore the user is dealing with two

languages:

e Working language: the default language, when the user performs any linguistic
read/write operation, system applies the changes on the selected working

language.

e Reference language: the alternative language, it's mainly used for multilingual
support. For example, it is useful in understanding the meaning of a concept
when no lexicalization is available in the working language yet by displaying its

corresponding synset in the reference language.

The interactive system should allow the user to switch between the two languages (or
change them to other languages) at any moment, or swap the roles of the two language.
For examples, a user can start by selecting English as a working language and Italian as
a reference language. In this case, the user will navigate the system in English and
perform linguistic operations such as creating new synset for a concept in English. The
user may view the corresponding synset associated with the same concept in Italian by
selecting to view the lexicalization in the reference language. In case the user would like
to create a new synset for the same concept in Italian, the user has to update the

working language to be Italian and selects another language as a reference language.

In the following subsections, we explain the development scenarios for UKC linguistic
items; synstes, lexical gaps, concepts, lexical and semantic relations. The UML use case
scenarios present the requirements and the constraints arise while performing Create-
Read-Update-Delete (CRUD) operations and how the system provides interactive
features to facilitate these operations and also how the system should prevent the user

from performing any pitfall.

UKC interactive platform has 13 basic use case scenarios, here we explain them briefly

accompanied with use case diagrams.
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1- Read Synsets in the Working Language

Main Scenario: Read synsets in the Working Language

1- User types any word in the working language aiming to retrieve the word synsets.

2- System auto-suggests words based on what the user has typed.

3- User selects one of the auto-suggested words or presses Enter as soon as he/she
finishes typing.

4- System retrieves and displays the synsets having a word sense for the entered word.
For every synset, the system displays the words having the same sense sorted by sense

rank, Part of Speech (POS), Gloss, and Examples.

Sub Scenario-1: Read synsets in the Reference Language
5- For each synset retrieved in the main scenario, system retrieves the corresponding
lexicalization in the reference language, System retrieves one of the following items

depending on the content of the linguistic resource:

a- The corresponding synset in the reference language.
b- Lexical gap.

c- No information, in-case the lexicalization is not yet defined.

Extension Scenario-1: Read lexical relations
6- User selects to retrieve the related synsets for any of the retrieved synsets in the
main scenario.

7- System retrieves the lexically related synsets sorted by relation type.

Extension Scenario-2: Analyze Synsets
8- User may decide to analyze the displayed synsets by updating how synsets are

displayed (show/hide the POS, gloss or the example sentences) or filtering displayed
synsets by POS or lexical relation type.
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Read Synsets in the Reference Language
£
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L Read Lexical Relations
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UKC Developer

%
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h)
A
\
h

%
Analyze Synsets

UKC User

2- Read the Concept of a Synset

Main Scenario: Read the Concept of a Synset

1- User retrieves the synsets of any natural language word by following the scenario of

use case: Read Synsets in the Working Language.

2- User selects to view the concept associated with one of its synsets.
3- System retrieves and visualizes the concept. For each concept, the system retrieves

its concept identifier and concept label.

Extension Scenario-1: Read Semantic Relations
4- User selects to retrieve the related concepts for the retrieved concept or one of its
child concepts.

5- System retrieves the semantically related concepts sorted by relation type.
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Extension Scenario-2: Analyze Concepts
6- User may decide to analyze the displayed concepts by filtering displayed concepts by

semantic relation type.

Read Semantic Relations

-~
-

_Q i
“{;Extghnds»
UKC Developer T~

Analyze Concepts

3- Read the Lexicalization of a Concept

Main Scenario: Read the Lexicalization of a Concept

1- User retrieves any language-independent concept by following the scenario of use

case: Read the Concept of a Synset.

2- User selects to view the lexicalization of the retrieved concept in the working
language.
3- System retrieves one of the following items depending on the content of the linguistic

resource:
a- The corresponding synset in the working language.

b- Lexical gap.

c- No information, in-case the lexicalization is not yet defined.
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Sub Scenario-1: Read synsets in the Reference Language

4- For the retrieved synset in the main scenario, System retrieves the corresponding
lexicalization in the reference language, System retrieves one of the following items de-

pending on the content of the linguistic resource:

a- The corresponding synset in the reference language.
b- Lexical gap.

c- No information, in-case the lexicalization is not yet defined.

.

Read Synset
KC User _ / “‘{«mlade»
mnclyde» .
/
Read the Lexicalization of a Concep /incLLidebb “'PE'L,Lde”

*
5
<<include>>
~

b
-
.
b

UKC Developer

No Information

4- Create New Synset with a new Concept

Main Scenario: Create New Synset together with new a Concept

1- User selects to create a notion as a new synset in the working language together with
its new language-independent concept.

2- System displays an interactive editable form for defining the new synset and
highlights the mandatory fields.

3- User fills the interactive form with the new synset details. The form requires the

following mandatory fields:

e Set of word senses.

e Part of Speech (POS).
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e Gloss

e Example(s)

4- User saves the changes.

5- System checks if the new synset includes new word senses. If it contains any new
word sense, system creates the new word sense and stores the word in the linguistic
resource.

6- System creates a new synset and automatically creates a new concept and generates
the corresponding concept identifier. The concept label is the first word sense defined
for the newly created synset.

7- The system associates the newly created concept with the newly created synset.

Create Concept

'iﬂinslydegi-
_Q /
Create Synset with new Concept
<3inqLudeb>

~ <includes
Create Word Sense - ———=2_ Create Word
UKC Developer

5- Create New Synset for an existing Concept

Main Scenario: Create New Synset for an existing Concept

1- User selects to create a new synset in the working language together with a new
Concept.

2- System displays an interactive editable form for defining the new synset and
highlights the mandatory fields.

3- User fills the interactive form with the new synset details. The form requires the

following mandatory fields:
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e Set of word senses.
e Part of Speech (POS).
e Gloss

e Example(s)

4- User saves the changes.

5- System checks if the new synset includes new word senses. . If it contains any new
word sense, system creates the new word sense and stores the word in the linguistic
resource.

6- System creates a new synset and associates it with the language-independent concept

<nclude>
Create Word Sense Blees

Create Word

UKC Developer

6- Update Synset

Main Scenario: Update synset

1- User retrieves the synsets of any natural language word by following the scenario of

use case: Read Synsets in the Working Language or by reading the lexicalization of a

language-independent concept by following the scenario of use case:

Read the Lexicalization of a Concept.

2- User selects to update the retrieved synset
3- System displays an interactive editable form for editing the synset. The same
interactive form defined for creating a new synset.

4- User may choose to update the POS, gloss, or example sentences.
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Sub Scenario-1.1 : Create new Word Sense
5- User selects to create a new word sense. user can create a new sense by creating a

new word with its exceptional forms if any.

Sub Scenario-1.2 : Delete Word Sense

5- User selects to delete one of the defined word senses for the synset.
6- User saves the changes.

7- System validates the updates and save the changes.

Update Synset - chdude>>__ Manage Word Senses

4 b

/ !
! \

UKC Developer ! !

! \
/ \

/ \
! A\
Create Word Sense Delete Waord Sense

UKC Validator

7- Delete Synset

Main Scenario: Delete Synset

1- User retrieves the synsets of any natural language word by following the scenario of

use case Read Synsets in the Working Language. or by reading the lexicalization of a
language-independent concept by following the scenario of use case Read the

Lexicalization of a Concept.

2- User selects to delete the retrieved synset.
3- System displays a confirmation dialog asking the user to confirm the deletion.

4- User confirms the deletion.
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Sub Scenario-1: Delete Word Senses

5- System checks each word sense, if the word sense is not part of any other synset,

system deletes the word sense.

Sub Scenario-2: Delete Lexical Relations

6- System checks if the synset has lexical or semantic lexical relations with other

synsets, if relations exist, system deletes them.

Extension Scenario-1: Delete Concept

7- System checks if there is any other lexical gaps still associated with the same concept.
If the system finds a lexical gap associated with the same concept, the delete operation
will be refused and the system will show an error message informing the user that the
existing lexical gap must be deleted first. Knowing that, concepts can’t be associated
with only lexical gaps, it must be associated with at least one language-dependent
synset.

8- If the concept associated with this synset is not associated with any synset or any

lexical gap in another natural language, the system deletes the associated concept as

Delete Semantic Relations

well.

\" v
S diacluden
, LY
5 = -

UKC Developer ;ihcjuden )
A

L Delete Word
Delete Lexical Relations
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8- Create New Lexical GAP for an existing Concept

Main Scenario: Create New Lexical GAP for an existing concept

1- User selects a concept with no lexicalization in the working language.

2- User selects to define a new lexical GAP in the working language for the retrieved
concept.

3- System defines a new lexical GAP and associates it with the language-independent

concept

Q

—_—@me New Lexical GAP >

UKC Developer

9- Delete Lexical GAP

Main Scenario: Delete lexical gap

1- User selects a lexical gap in the working language.

2- User selects to delete the retrieved lexical gap.

3- System displays a confirmation dialog asking the user to confirm the deletion.
4- User confirms the deletion.

5- System deletes the lexical gap from the linguistic resource.

O

Delete GAP

UKC Developer
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10- Create Lexical Relation

Main Scenario: Create Lexical Relation

1- User retrieves the synsets of any natural language word by following the scenario of

use case: Read Synsets in the Working Language. or by reading the lexicalization of a

language-independent concept by following the scenario of use case: Read the

Lexicalization of a Concept.

2- User selects to define new lexical relation for the retrieved synset.

3- System displays an interactive form containing the following fields: source synset,
target synset, and the set of possible relations to choose one from. The source synset is
pre-entered by the System and can’t be updated.

5- The user enters the relation and the target synset.

6- User saves the changes.

7- System validates the constraints for creating lexical relations, if the input satisfies the

constraints, system creates the new lexical relation.

@)

Create Lexical Relation

UKC Developer

11- Delete Lexical Relation

Main Scenario: Delete Lexical relation

1- User retrieves the synsets of any natural language word by following the scenario of

use case Read Synsets in the Working Language or by reading the lexicalization of a

language-independent concept by following the scenario of use case Read the

Lexicalization of a Concept.

2- User retrieves the lexical relations for the retrieved synset.
3- User selects to delete one of the relations.

5- System displays a confirmation dialog asking the user to confirm the deletion.
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6- User confirms the deletion.
7- System validates the constraints for deleting lexical relations, if the input satisfies the

constraints, system deletes the lexical relation.

_O
Delete Lexical Relation

UKC Developer

12- Create Semantic Relation

Main Scenario: Create Semantic Relation

1- User retrieves any language-independent concept by following the scenario of use

case Read the Concept of a Synset.

2- User selects to define new semantic relation for the retrieved concept.

3- System displays an interactive form containing the following fields: source concept,
target concept, and the set of possible semantic relations. The source concept is pre-
entered by the System and can’t be updated.

5- The user selects the semantic relation and the target concept.

6- User updates the interactive form and save the changes.

7- System validates the constraints for creating new hierarchical and associative
semantic relations. If the input satisfies the constraints, system creates the new

semantic relation.

Q

Create Semantic Relation

UKC Developer
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13- Delete Semantic Relation

Main Scenario: Delete Semantic Relation

1- User retrieves any language-independent concept by following the scenario of use

case Read the Concept of a Synset.

2- User retrieves the semantic relations for the retrieved concept.
3- User selects to delete one of the relations.
5- System displays a confirmation dialog asking the user to confirm the deletion.

6- User confirms deletion.

7- System validates the constraints for deleting hierarchical and associative semantic

relations. If the input satisfies the constraints, system deletes the semantic relation.

Delete Semantic Relation

UKC Developer

OVERALL ARCHITECTURE

The overall architecture is a conceptual model that represents the main system
components and data transfer between them. The overall architecture (Figure 6.2) was
designed as a multi-layer (Model-View-Controller) architecture, commonly known as
MVC pattern, a software design pattern for implementing user interfaces. The MVC
architecture is divided into three main interconnected components in order to separate
the application information and business logic from the ways that information is

presented to the user.
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Figure 6.2- UKC Interactive Platform Overall System Architecture

In Figure 6.2, the client side is the user’s browser environment. We have implemented
two main components that run on the client side; View Component and Ajax Engine.
The View component is responsible for data representation. The technologies used in
data representation are: Hypertext Markup Language (HTML), the standard language
for creating web pages, and Cascading Style Sheets (CSS), a style sheet language for
formatting web pages. On the other hand, the Ajax Engine is the core of the web
application which implements the application logic using JavaScript as a web
programming language and JavaScript Object Notation (JSON) as a lightweight data-
exchange format between the client and server. The Ajax Engine runs within the user’s
browser to ensure prompt responses to the user requests. The added engine eliminates
the ‘click and wait’ nature of the classic web applications and responds instantly to the
user actions by exchanging data with the server behind the scenes without refreshing

the web page.

In Figure 6.2, the server side is composed of two main components; the web controller
and the application data mode, both components are using Java as a programming
language. The Java controller is responsible for handling communication with the client
side through the Ajax Engine and submitting commands to the application data model
for reading or updating application data. On the other hand, the application data model
is the central location for application core data, business logic, and functions accessing

the linguistic database.
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USER INTERFACE DESIGN

Figure 6.3 shows the application user interface. The user interface is divided into 5 main
regions: (1) search panel (2) natural language core panel, named synsets panel (3)
concepts core panel, named concepts panel, (4) expandable drawer used as linguistic

reference panel, and (5) color legend at the bottom to differentiate between working

and reference languages.

Formal Languages

Search for a word: ind Working Language: English Reference Language: alian @

Synsets Concepts

o Synset 0 Synset % Synset o Relaion © Relation ¥ Relation “l| e Synsel v X Synset * dpGap v ¥ Gap v o Relation @ Relation ¥ Reletion
+ Synsets Display Manager v Concepts Display Manager

Display Options: Conceptld | Partof Speech [ Gloss [ Example 7 Hallan Display Options: Conceptld

Flter Synsets : Nouns{1) 7| Adjectves3) 7 Relaton: Show Al Filter Concepts: Relaton: Show Al

Relations (Child-Parent): || Relations (Child-Parent):

Synsets for the word : 'kind. The relations are retrieved from 'Parent to Child. Concept hierarchy for the concept :'kind. The relations are retrieved from Parent to Child.
(ncun) [kind, sor, form, variety] [kind]
Gloss: a category ofthings distinguished by some corrmon cheracteriste or quaity
Example: ‘what kinds of desserts are there?","sculnfura ie a fim of ar
4 Retrieve Synsets For} | kind

(adjective) [kind] & Gynset sort
Glogs: having or showing atundgr;ndcunsidgr% Sy o . .
Example: ‘thanked her for her kind letter”, ki ~ mpathy"; "a kind master'; "kini

o Leical Reldion ey
(antonyin) {adjective) [utkind] nal ol
Gloss: lacking kindness
Example: "the wkindest cut of al"; "a thod

[ (similar_to) (adjzcive) penignart, racious]
Example: "our benignant king"

B i e

.Working Language . Reference Language. (ther Language @

Figure 6.3 UKC Interactive Platform User Interface

The top region where the user can start a new search by typing a word and choosing the
desired working and reference languages respectively. The working language is the
default language, when the user performs a search or an update operation; the system

applies the changes based on the selected working language. The reference language is
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mainly for multilingual support in order to view the working language synset in another
language or a lexical gap if there is no corresponding synset. The set of color legends at
the bottom of the screen is used to differentiate between working language synsets
(black font), reference language synsets (blue font). Another possible case when the
language independent concept label is obtained from another language different from
both working and reference languages. In this case, the concept label will be also

retrieved and highlighted as a label from another language (red font).

The synsets panel displays the content retrieved from the natural language core; the
word synsets and their lexical and semantic lexical relations. The user can interact with

the natural language core contents through the following user interface components:

e Toolbar at the top for manipulating the displayed synsets by performing Create-

Update-Delete operations on synsets and their relations.

e Display manager for updating the visual display of the displayed synsets. For
each synset, it's possible to show or hide the: synset gloss, example sentences, the
language-independent concept identifier, or the corresponding sysnet in the

reference language.

o Synset filtration capability for the displayed synsets, it’s possible to filter synsets

by part of speech or type of lexical relation.

e Viewing lexical and semantic relations from parent to child (sub-relations) or

from child to parent (super-relations).

e (Contextual (right-click) menu for providing handy way to retrieve synsets for

synonym words and performing create/update/delete operations on synsets.

The concepts panel displays the content retrieved from the concept core; the language-
independent concepts and their semantic relations. The user can interact with the con-

cept core contents through the following user interface components:

e Toolbar at the top for defining new synset or lexical gap in the working or the

reference language for the selected concept.
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e Display manager for updating the visual display of the displayed concepts. For
each concept, it's possible to show or hide the language-independent concept

identifier.

e Concept filtration capability for the displayed concepts, it's possible to filter

concepts by relation type.

e Viewing semantic-lexical relations from parent to child (sub-relations) or from

child to parent (super-relations).

e Contextual (right-click) menu for providing handy way to create or delete synsets
and lexical gaps and performing create/update/delete operations on semantic

relations between concepts

A dynamic synchronization between the synsets panel and concepts panel regions takes
place when the user selects any synset from the left region, the system automatically

display the corresponding concept in the right region.

CRUD operations for the UKC linguistic items operations are performed through the use
of interactive and well-designed input forms, For instance (Figure 6.4) shows the new

synset input form. The interactive form allows the user to do the following:

e Define new concept Id and label for the new concept or choose an already

existing concept Id.

e Manage word senses by adding, removing, and defining the order (word sense

rank) of any number of word senses.
e Define a gloss in any language using a virtual keyboard.
e Define an example in any language using a virtual keyboard.
e (Choose the POS (noun, verb, adjective, or verb)

e Upload a file, an optional file that the linguistic expert may upload as a claim file
referring to other linguistic resources or any explanation related to the synset

definition.
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Create Synset

Concept

Concept Id :
Concept Label :

Word Senses

Words :

= Add Word +
Synset Details
Gloss :
Example :
Part of Speech:
File Upload
Upload File:
# Type File Name

0
O

# Remove Word +

Browse

Clear

Size

Create

Upload

Cancel

Figure 6.4 Interactive input form for the creation of a new synset.

The expandable drawer on the right is used as a (read-only) linguistics reference panel.
The purpose of this panel is to assist users while working on the main synsets and
concepts panels in retrieving other sysnets or concepts and use them as a reference

without the need to erase the contents of the main panels.

The reference panel also assists user in creating new lexical and semantic relations
through a drag and drop facility. For instance (Figure 6.5), a new lexical relation can be

created by dragging a reference synset from the reference panel and dropping it over

another synset from the main synsets panel.
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Formal Languages

Search fora word: kind Working Language: English Reference Language: 1ali
Synsets Concepts
ngel s Synse Synset ion Synsets = Concepls
ool :
Creale Lexical Relalion
Synsets for the word : 'kind'. The relations are retrieved from Parent to Child’ attoChi
e

Lexical Relation
Source Word : kind

[ (noun) [kind, son

Lexical Relation : | gimilar to e
Target Word : gunial
I Ul mati ot o
Cance
|l <BB6E2> (adjective) [kind, genlal
Gloss: amseable. canducive to comiot
Example: nial sunshing” & anvihin
2 thaughtlass and unkind remark’ Example: "the genial sunshine”, hol r paveménts are anything
i (similar_to] (adjective) [benignant, gracious]
Example: "our benignant king"
L (similar_to} {adjective) [benign]
Example: "benign intentions"; "the benign ruler of millions™
il (slmilar to) (adjective) [charilable, benvalent, kind) 1 1
Example: "3 large-haanod mentor”, "sympathalic words dly act” “kindly ¢

Figure 6.5 Creation of new Lexical Relation using drag and drop.

Using the main and reference panels accompanied by toolbars and contextual menus
together with the provided full control over the displayed information through the
display managers, we  should end up having an elegant linguistic analysis and
manipulation tool which allow linguistic experts to enrich the available linguistic

resources with minimal effort.
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Chapter 7

COMPARATIVE EVALUATION (WoRDNET vs. UKC)

In order to improve the usability of the UKC web platform and knowing that the
WordNet application is considered as the de-facto standard, we started by performing a
comparative analysis between the two interfaces in order to elicit the usability

problems on the UKC platform.

By being a comparative evaluation, it should be kept in mind that the two systems
should share some meanings, some operation. In this case, even if the UKC view has
been designed as a full Create-Retrieve-Update-Delete (CRUD), while the WordNet view
is a simple knowledge retrieval interface. We took this into account, the designed tasks
for the evaluation, like the rest of the work, were built only around the retrieval features

of the two interfaces.

QUANTITATIVE WORK

On the base of these assumptions, and following the directives of Bodker [Bodker, S.
(2000)], a quantitative analysis has been conducted to investigate how, in general, the
user react to both views. For the quantitative work, the key points were three: tasks,
questionnaires and measures. The main tasks that have been proposed to the testers

were the following:

e Perform a search for an arbitrary word in an arbitrary language.
e Search for an arbitrary lemma in multiple idioms.
e Filter the results of a search process on the base of their Part-Of-Speech.

e Retrieve semantic relations insisting on a given concept.

The entire process of comparative analysis was supported by a custom-made platform
capable of switching the two views shown to the user in order to allow for performing

each task on both of them. Along with this capability, the platform was entitled to keep
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track of the time spent to perform each task, to submit questionnaires, after each group
of tasks, and collect their results. The time spent and the results of the questionnaire
were used to perform analysis and plot graphs. This tool was tested with two pilot runs.
The two testers involved in this case were a developer and a PhD in Human Computer

Interaction, which gave important suggestions about the usability of the platform itself.

EVALUATION RESULTS

In this paragraph are reported the results of the comparative evaluation. Before
proceeding with the results it is important to state the nature of the test subjects. They
were directly contacted among the members of our research group. The selection
criteria was based on the fact that they were almost all users of the WordNet interface,
thus they can be considered domain experts. The number of involved test subjects was
8, of those, 5 were PhD, 2 post-doc and a software engineer. Their answers in the form

of Yes, No, or I don’t know (IDK) were analyzed and plotted as bar graphs.

e Results display: the WordNet way of displaying results has been judged not easy
to read and interpret. In particular, users have preferred the UKC way of
displaying results in two panels (Synsets and Concepts). In this way, each synset

is easily identifiable.

0 L L L
Not at all No IDK Yes Yes at all

UKC Panels View, is it intuitive?
e Results aggregation: with respect to the UKC, the WordNet view performs

results aggregation over the data. In particular results are grouped according to

their part of speech tag (POS). The UKC view includes all the results in the same
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table, thus the only way the user have to identify their type is to look at the POS-

tag field or filter by POS or relation type. Indeed, more space that can be saved.

Not at all No IDK Yes Yes at all

UKC Display Manager, is it useful?

¢ Results relations: another important point involved in the analysis is the relation
retrieval feature. By being a linguistic resource, the interface should provide the
user access to the relations insisting on a concept in a way to easy the navigation
among them. Under this point of view, the users have preferred the way the UKC
interface manages relations retrieval and displaying. In particular the capability
of filtering and interact with these relations, with respect to the fixed and link-

based of WordNet, has been proven to be more flexible to the user needs.

Not at all No IDK Yes Yes at all

Is UKC relation retrieval approach more complete?

e Multilingual Results: the UKC has been proven to be more productive when it
comes to mapping results in different languages with respect to WordNet. In

particular, the former is able to retrieve the mapping of a results in each selected
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language, while the latter allows the user to retrieve results just in one language,

namely losing the mapping implicit function.

3.5

3.0

2.5

2.0

0.5

0.0 -
Not at all No IDK Yes Yes at all

Multilingual WordNet, is it difficult?

Missing history: beside these quantitative results, another important point got
from some qualitative interviews, is the fact that both the interfaces do not keep
track of the user’s history of actions. Even though there was no task about it,

users have reported this missing feature.

72



Chapter 8

UKC COLLABORATIVE PLATFORM

In this chapter, we introduce the collaborative platform for UKC development that was
designed and implemented based on our methodological approach for collaborative

development using collaborative objects and collaborative workflows (chapter 4).

The collaborative development process takes place in two main phases: development
phase and validation phase. The conditions, constraints, transitions between the two

phases are defined using the collboartive workflows.

In this chapter, we explain the user studies, requirement specifications together with

the application overall architecture and user interface design.
USER STUDIES

We performed specific user studies for the collaborative platform by conducting
interviews with knowledge experts. The user studies revealed that a new category of
user, UKC validators, is required. In addition, two new roles have been assigned to the
UKC Administrator which are: (1) assigning collaborative workflows to collaborative

objects; and (2) creation of interactive polls.
The revised categories of users for the collaborative platform become:

e UKC Users: those who are allowed to view the UKC knowledge base for the
navigation and linguistic analysis without performing any updates to the

linguistic resource.

e UKC developers: knowledge experts and domain developers who are able to
access the Read/Write interactive feature and perform development and
maintenance operations on the UKC knowledge base. The tasks that could be

performed by UKC developers include: (1) Linguistic resource enrichment, (2)
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Linguistic resource translation, (3) ontology development, and (4) ontology

localization.

e UKC validators: top level expert who can approve the proposals and the changes
made by UKC developers. UKC validators are allowed to access the Read/Write

interactive features and UKC approval services.

e UKC Administrators: category of users have full access to system features and
they can perform administrative tasks such as creating users, creating groups
and assigning user roles to users, assignining collaborative workflows to
collaborative objects and creation of interactive polls. Administrators are
responsible for applying the collaborative development methodology beside

facilitating the communication between the participants.

UKC Developer

Figure 8.1- Access rights for different categories of users; End Users have
read only privileges, UKC Developers have read/write privileges; UKC
validators have read/write and approval privileges and UKC Administrators
have full access.
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REQUIREMENT SPECIFICATIONS

In the following subsections, we explain the requirement specifications for supporting
the collaborative development environment. This section is considered as an extension
to the requirements specifications defined in section 6.2 for manipulating UKC linguistic

items; synstes, lexical gaps, concepts, lexical and semantic relations.

1- Define a Collaborative Workflow

Main Scenario: Define a Collaborative Workflow

1- UKC Administrator chooses to define a new collaborative workflow.

2- System lists the set of available user roles (UKC Developer and UKC Validator) with
the possibility to define new user roles and the set of available collaborative workflow
nodes (state, tasks, condition, notification, timer, and the rest of the nodes), knowing
that the complete list of process nodes is defined in chapter 4.

3- UKC Administrator defines the new collaborative workflow by defining the details,
conditions, and constraints for the UKC development and validation tasks.

4- UKC Administrator saves the changes.

5- System stores the new collaborative workflow.

Define a Collaborative Workflow

UKC Administrator
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2- Assign Collaborative Workflow to Linguistic Item

Main Scenario: Assign Collaborative Workflow to Linguistic Item

1- UKC Administrator chooses to view the list of defined collaborative objects and the
list of defined collaborative workflows.

2- System displays the set of defined UKC collaborative objects ( Synset, Lexical Gap,
Lexical Relation, and Semantic Relation), knowing that the concept object is auto-
generated therefore it's not a collaborative object.

3- System lists in the same view the defined collaborative workflows (single-user
approval, multiple-user approval, etc.)

4- UKC Administrator chooses to assign one of the collaborative objects to one of the
collaborative workflows.

4- UKC Administrator saves the changes.

5- System stores the new configuration.

Assign Caollaborative Workflow to L@

UKC Administrator

3- Manipulate Linguistic Item Collaboratively

Main Scenario: Manipulate Linguistic Item

1- UKC developer manipulates one of the linguistic items by performing one of the
CRUD operations.
2- Workflow engine assigns the task to one or more UKC Validators according to the

defined collaborative workflow.
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Extension Collaborative Scenario: Approve Linguistic Item
4- UKC Validator(s) check in collaboration the linguistic item manipulated by the UKC

developer in collaboration and decide to approve it.
5- Workflow engine checks that the conditions for approving the linguistic item haven

been satisfied and marks the item as approved.

Extension Collaborative Scenario: Reject Linguistic Item

4- UKC Validator(s) check in collaboration the linguistic item manipulated by the UKC
developer and decide to reject it.

5- Workflow engine assigns the task back to the UKC developer together with the

comments provided by the Validators.

Manipulate Linguistic ltem

= = —extendsy -

~~oyo” ~
[ Approve Linguistic ltem *, UKC Validator(s)

UKC Developer

4- View Developed Items List

Main Scenario: View Developed Item List

1- UKC developer chooses to view his/her list of developed linguistic items.
2- System displays the list of developed linguistic items by the UKC developer. System

shows the following details:

e Development date
¢ Linguistic Item (Synset, Lexical GAP, Lexical Relation, or Semantic Relation)

e Manipulation Type (Create, Update, or Delete)
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e Development is “Completed” or still “Pending approval”.

e Comments and discussions associated with the developed item.

Extension Scenario-1: Analyze List

3- UKC developer may decide to analyze the displayed list of items by filtering them by
either “Completed Tasks” or “Pending Approval Tasks”. Another possibility is sorting by

date or semantic relations between developed concepts.

View Development Task List

UKC Developer

5- View Validated Items List

Main Scenario: View Validated Item List

1- UKC Validator chooses to view his/her list of validated linguistic items.
2- System displays the list of validated linguistic items by the UKC Validator. System

shows the following details:

Development date

Validation date

Linguistic Item (Synset, Lexical GAP, Lexical Relation, or Semantic Relation)

Manipulation Type (Create, Update, or Delete)
e Validation is either “Completed” or still “Pending Approval”.

e Comments and discussions associated with the developed item.
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Extension Scenario-1: Analyze List
3- UKC Validator may decide to analyze the displayed list of items by filtering them by

either “Completed Tasks” or “Pending Approval Tasks”. Another possibility is sorting by

date or semantic relations between developed concepts.

View Validated Task List

UKC Validator

6- Initiate Discussion

Main Scenario: Initiate Discussion

1- User chooses to initiate a new discussion in a specific topic or about the
development of a specific linguistic item.
2- System initiates a new discussion thread in the desired topic. The system should

allow for the following

¢ Organize discussions in categories.

e Sort discussions by category or date.

Extension Collaborative Scenario: Contribute in the discussion

3- User(s) participate in the discussion and post their contributions regularly until

they reach a common agreement.
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Initiate Discussion

UKC Developer(s) UKC Validators

7- Create Interactive Poll

Main Scenario: Create Interactive Poll

1- UKC Administrator chooses create new interactive poll. The poll is in the form of
multiple choice type question and answers.

2- System publishes the new interactive poll for voting.

Extension Collaborative Scenario: Submit a Vote

3- User(s) participate in the interactive poll by submitting their votes. Each user either
UKC developer or Validator is allowed to vote once.

4- System counts the votes and displays the result in percentage.

UKC Developer(s)
<
!

UKC Validator(s)

-

L
Create Interactive Poll ieftﬁ@s—»ﬁ
e

Submita Vote

— -
- -

UKC Administrator
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OVERALL ARCHITECTURE

UKC collaborative platform is designed and implemented as a portlet application. In
order to understand the portlet application architecture, we start by defining a portlet
as a self-contained web application, i.e. mini web application that has its own web
pages, services and data sources. A web page containing a group of portlets integrated
together in a consistent and systematic way is called a portal page. Therefore, a web
portal could be defined as web page that brings multiple web applications or portlets

together and allows for effective communication and integration between them.

Portlet applications are managed by a portlet container which provides the environment
for portlet management and forms the infrastructure required for running a portlet
application. A portlet container’s responsibilities include managing portlet instances
and handling communication between portlets and with data sources. There are
several open-source portlet containers available now days. The choice of a portlet
container plays an important role in portlet application projects, since it can help
reduce the development time by providing built-in portlets and the ability to access
container’s built-in portlets features from the newly custom portlets. The choice of a
suitable portlet container should be driven by the project requirement specifications.
We have conducted a comparative study of the available open-source portlet containers
and decided to use Liferay®. Liferay is an open source portlet container that comes with
built-in portlets for web 2.0 social and collaboration features. In addition, it has built-in
workflow engine that allows for running custom defined workflows. Liferay provides a
robust platform for building social and collaborative portlets that could be extended
and customized according to any project requirement specifications which perfectly fits

with our methodology and requirements.

Figure 8.2 shows the overall architecture for the UKC collaborative platform. It’s
composed of Liferay portelt container hosting four portlets: (1) UKC portlet (2)
Administration Portlet (3) Discussion Portlet; and (4) Polls Portlet and two data

sources: (1) UKC linguistic database and (2) Information management database.

9 www liferay.com
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Management Database

/ Portlet Container \
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Portlet

Information Discussions
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Linguistic Database

Polls
Paortlet

J

Figure-8.2 UKC Collaborative Platform Overall Architecture

The responsibilites are shared among the four portlets and the portlet container which

ensures smooth data excahnge between the portlets.

UKC Portlet: is reponsible for maniuplating linguistic items and mangement of
developed and validated lists of linguistic items. This portlet acesses the

linguistic data source.

Administration Portlet: is reponsible for providing administartion services
such as user management, collaborative objects definition, workflows definition
and assigning collaborative objects to collaborative workflows. The

adminstrative information is stored in the information management database.

Discussions Portlet is reponsible for handling the discussion boards, creating
new discussion threads and management of ongoing discussions. The

discussions are stored in the information management database.
Polls Portlet is reponsible for handling polls, creating polls, displaying polls and

counting poll results. The polls discussions are stored in the information

management database.
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USER INTERFACE DESIGN

Figure 8.3 shows the UKC collaborative platform user interface. The main interface for
developers and validators is composed of five tabs: (1) The Home page (2) UKC Portlet,
(3) Task Notifications list of developed and validated linguistic items. (4) Discussion

boards; and (5) Interactive Polls.

Figure 8.3 shows the UKC portlet tab selected; the portlet interface is the same interface
used for the UKC Interactive platform (chapter 6) and provides the same functionalities
for UKC task development. In addition, the interface provides the linguistic provenance
details visualized in orange font, i.e. the source of linguistic item which could be the
name of one of the UKC developers or another linguistic resource like WordNet or

MultiWordNet where the item has been imported.

G e

%

Home UKC  TaskNotifications DiscussionBoards  Polls

Formal Languages
Search for a word: king 8 | Working Language: Engiish Reference Language: ftafian
Synsets Concepts
& Synset @ Synset X Synset = Relation X Relation & Synset v X Synset v 4 Gap v X Gap v o Relation X Relation
~ Synsets Display Manager  Concepts Display Manager
Display Options: Conceptld | PartofSpeech [/ Gloss [/ Example 7 Hallan Display Options : Concept Id
Filter Synsets: Nouns(1) [/ Adjectives(3) ./ Relation: Show Al Fiiter Concepts : Relation: Show All
Relations (Child-Parent) : Relations (Chlld-Parent) :
Synsets for the word : 'kind" The relations are retrieved from 'Parent to Child" Concept hierarchy for the concept : 'kind'. The relations are retrieved from 'Parent to Child'
1 (noun) [kind, sort, form, variety] il I [kind]
Gloss: a category of things distinguished by some comman characteristic or quality
Example: "what kinds of dessetts are there?”; "sculpture is a form of an”

Source:

(noun) [natura, fatta, tipo, modello, sorta, qualita, carattere, spacie, ordine]

Gloss: proprieta o elemento caratterizzante di una cosa, un fenomena, un evento e simil

Example: "una festa a caratters familiare"; "una conferenza di carattere poltica’; "siama in un altro ordine i ides”;
Source:

+ | (adjective) [kind]
Gloss: having or showing a tender and considerate and helpful nature

Example: "thanked her for her kind letter”; "kind words showing understanding and sympathy"; "a kind master”; "ki

. Working Language . Reference Language . Other Lanquage

Figure 8.3 UKC Collaborative Platform User Interface
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Figure 8.4 shows the Task Notification tab selected; the user whether UKC Developer or
UKC Validator is allowed to view the list of tasks and filter tasks by state (Pending or
Completed). It also allows sorting the task list by date or the relation between the

concepts and the parent concept.

Two navigation options are provided “View Task” and “View in UKC”. The former allows
viewing all the linguistic item details and any associated comments and discussions and
the later allows for viewing the linguistic item in the UKC portlet interface in order to

visuzalize the item in context or perform more linguistic analysis operations.

HIUKC

Universal Knowledge Core

Home UKC  TasknNotifications DiscussionBoards  Polls

Dislay: Pending Tasks [/ Completed Tasks |/
SartBy: By Date
Date Nofification Nessage Linguistic e Linguistic Operation | Task Type | Task Completed ~ View Task Details  View in UKC

Sep 26, 204, 84121 P | Anmed Tawflk sent you & inguistc iem for review. Synset Updte Teew No View Task Viewin UKC
Sep 26, 2014, 8:3906 PN | Your submission was rejcted by Amed Tauk, please modfy then resubmit. | Synset Updte update | Yes View Task Viewin UKC
Sep 26, 2014, 6:38:16 P | Anmed Tawflk sent you a inguistciem for review. Synset Updte Teew Yes /nUKC
Sep26, 204, 83729 PN | Ahmed Taflk sent you a inguitic tem for revew Synset Upcete eiew | Yes Viewin UKC
Sep 26, 2014 G:3403 P | Anmed Tawflk sent you & inguistciem for review. Synset Delete Teew No
Sep, 2014, 123559 AN | Anmed Tawflk sent you & inguistc iem for review. Synset Delete Teew No
Sepf, 2014 123508 AM | Aed Taflk sent you a inguitic tem for revew Synset Delete eiew | No
Sepd, 2014 TORA0PM | Jerat Jahan sent you a inguitic tem for revew: Synset Cregte eiew | No
Sepd, 2014 63804PM | rat Jahan sent you a inguitic tem for revew Synset Cregte eiew | Yes

Figure 8.4 Task Notification List

The tasks listed in the “Task Notifications” are either development tasks or validation
tasks. Development tasks are performed through the UKC portal interface. On the other
hand, Validation tasks are performed through a specific task validation page accessed by

the UKC Validators (Figure 8.5).
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Figure 8.5 shows the Task validation page, the page presents clearly the assignment of
the linguistic item under development to which UKC Validator, the current state of the
task, creation and due dates for the task and the possibility to approve, reject, or assign

the task to another UKC Validator.

The UKC validator may also share task specific comments and opinions with the UKC

Developer and other UKC Validators.

O Review: Synset Entry

Assigned o
I8 — el |
Anmed Tawflk - Assign o J l
State \/ é
Review
Create Date X Approve
@ X Reject
- £ Assignto
(© Update Due Date
Due Date
° - (Change)
q, View
5 Synset Entry '

Operation: Update
Synset Details:

Language: English
(adjective ) [ kind, tolerant |

Figure 8.5 Task Validation Page
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Figure 8.6 shows the discussion boards tab selected. Discussion threads are displayed

by category or separately. Users are allowed to take several actions in the board

including adding new category of discussions, creating new threads or deleting an

existing thread.

KUK

Home TUKC  TaskNotifications  Discussion Boards  Polls

E

Message Boards Home ~ RecentPosts ~ MyPosts My Subscriptions  Statistics ~ Banned Users

Add Category |~ PostNew Thread  Pemmissions

Categories

Category

Ontology Development

Threads

There are no threads in this category.

Figure 8.6 Discussion Boards

Search Search

Categories Threads Posts

v /7 Actions

v/ Actions

Figure 8.7 shows the discussion polls tab selected. In the figure, only one linguistic poll

has been created which got a total number of two votes. Users who didn’t submit a vote

are allowed to vote and view the result. Knowing that, only UKC Administrators are

allowed to create new interactive pools

FUKC,

Home UKC  TaskNotifications  Discussion Boards ~ Polls

What do you think the word sense that should be ranked as the second word sense after the adjective kind?

% Votes
50% 1
50% 1

Total Votes: 2

2 Edit Question g5 Select Question [} Add Question

Figure 8.7 Interactive Polls
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Chapter 9

COLLABORATIVE DEVELOPMENT EXPERIMENT

In this chapter, we present a collaborative multilingual ontology design experiment. The
experiment aims to develop a “flowing bodies of water” ontology which is composed of
around 70 concepts. The ontology is designed in English by defining the corresponding
synsets in English together with the language-independent concepts and semantic
relations between them. Then Translating the English synsets to Italian and providing

the “flowing bodies of water” ontology localized in Italian.

The chapter starts by explaining the approach that we followed in developing the
ontology, we used DERA framework (Giunchiglia et el. 2013), a faceted knowledge
representation approach for the development of domain ontologies. The chapter then
proceeds by presenting an early experiment which was done following DERA
framework using EasyChairl? as a collaborative tool. In this part of the chapter, we point
out to the main outcomes of this early experiment and the shortcoming that we have
identified during the collaborative development process. Finally we explain the final
evaluation experiment which was done using our collaborative development framework

and the results of the experiment.

ONTOLOGY DEVELOPMENT METHODOLOGY: DERA FRAMEWORK

DERA (Domain, Entities, Relations, and Attributes) is a faceted knowledge
representation methodology for the development of domain ontologies. DERA provides
an approach for describing and reasoning about entities (E) of a specific domain (D). It
also accounts for defining the entity attributes (A) and the relations (R) between

entities.

10 www.easychair.org
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DERA defines a domain as a comprehensive knowledge about a specific topic of interest
such as a field of study (e.g. artificial intelligence, computer networks), a discipline (e.g.
computer science, or telecommunications), or any real life topic of interest (e.g. space,

astronomy, or music).

DERA provides means for organizing the domain into facets, each facet covers a
different aspect of the domain. Therefore, we may define a facet to be a hierarchy of
homogeneous terms describing an aspect of the domain, where each term in the
hierarchy denotes a primitive atomic language-independent concept. Facets could be

further divided into detailed subfacets.

By following the definitions of domain and facet proposed by DERA, we can define DERA
domain ontology as triple: D = <E, R, A>, Where:

e E (Entity): Entity facets are built of homogenous classes of entities, whose
instances have either perceptual or conceptual existence. Terms in these

hierarchies are explicitly connected by is-a or part-of relation.

¢ R (Relation): Relation facets are built of homogenous terms representing the
relations between entities. Terms in these hierarchies are explicitly connected by

is-a relation.

e A (Attribute): Attribute facets are built of homogenous terms denoting
qualitative/quantitative or descriptive properties of entities. We distinguish
between attribute names (i.e. length) and attribute values (i.e. long or short) such
that each attribute name is associated with a set of corresponding attribute
values. Attribute names are connected by is-a relation, while attribute values are

connected to corresponding attribute names by value-of relation.

We argue that DERA framework is characterized by a unique set of features:

1. Extensibility: domains, facets, and terms can be added anytime.
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2. Independency: any domain can be used independently for navigation purposes

or by an external application.

3. Reasoning: DERA allows for direct mapping to description logic (DL), therefore
inherits all the properties and features of DL such as soundness, decidability and
decision procedures. The mapping of E/R/A to DL should be obvious. is-a, part-
of and value-of relation from the backbone of facets, are assumed to be transitive
and asymmetric, and therefore hierarchical. Other relations not having such
properties are said to be associative and connect terms in different facets. The

result of connected facets constitutes the Tbox of a descriptive ontology.

Ontology developemt according to DERA methodology should follow a minimal set of
guiding principles, described in-detail in (Giunchiglia et el. 2012a). Here we explain

them briefly:

1. Identification of the atomic concepts: terms in natural (e.g in English) are
collected, examined and disambiguated into atomic language-independent
concepts. The knowledge developer may collect the terms by reading books,
checking online resources, interviewing domain experts, or using any other
knowledge acquisition method. Terms with the same meaning (synonyms) are
grouped together forming a synset and are given a natural language description
(gloss) that makes explicit the intended meaning of the atomic concept. For
instance, we can recognize that in English the terms “brook” and “creek” are
synonyms forming an atomic concept whose meaning can be described as “a

water stream that is smaller than a river”

2. Analysis: The atomic concepts are analyzed in order to identify their
commonalities and their differences. The main goal of this step is to identify the
characteristics of the defined atominc concepts. For instance, we can recognize
that for the concept “river we can identify the following characteristics: (1) a
flowing body of water, (2) has no fixed boundary, (3) confined within a bed and

stream banks, and (4) larger than a brook.
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3. Synthesis: Concepts are arranged into facets hierarchies such that at each level
of the hierarchy the concept represents a different level of abstraction. Child
concepts are connected to their parent concept through an explicit is-a (genus-
species) or part-of (whole-part) relation. For instance, we can recognize that
under the “flowing body of water” facet, the concept of “stream” is-a “flowing
body of water” and that is due to their common charactersitics. Then we can
declare that a “river” is-a “stream” and a “brook” is-a “stream”. Also we can
declare that a “stream bend” is part-of a “stream” and “section of stream” is part-

of stream.

4. Standardization: Each language-independent atomic concept can be potentially
denoted with any of the collected terms in the group of synonyms. When the
group contains more than one term, a standard (or preferred) term should be
selected among the synonyms. It's reccommended to to choose the term which is
most commonly used in the domain and which minimizes the ambiguity. For
instance, the term “brook” is preferred to “creek” to denote the concept of “a

water stream that is smaller than a river”

5. Ordering: Concepts in each level of the facet hierarchy array are ordered. There
are several criteria that could be used in ordering the atomic concepts. They
include by chronological order, by spatial order, by increasing and decreasing
quantity, by increasing complexity, or any other ordering method related to the

domain.

EARLY EXPERIMENT

We performed an early experiment at the purpose of collecting useful requirements for
our collaborative platform. The experiment focused on ontology development in Eng-
lish. In the following subsections, we present the experimental setting and results of the

experiment.
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EXPERIMENTAL SETTING

We aimed at the development of an ontology of “flowing bodies of water” including
concepts like river and fiord. Candidates were taken from the GeoWordNet ontology
(Giunchiglia et el. 2010b) that is an ontology generated by the integration of WordNet
with GeoNames!l. We followed a peer-review approach carried out by one developer
and three different reviewers who had to decide about the acceptance or rejection of the

submitted candidate terms in a way similar to the paper review process for conferences.

We used EasyChair to moderate the assignment and review phases. More in detail,
EasyChair was used to support the analysis phase of the DERA development where each
synset and corresponding gloss was provided by one developer in one file as a
submitted paper, accompanied by a detailed explanation of the rationale behind such
synset (word senses, gloss, and POS) and commented by the reviewers who could either
accept or reject it. In both cases the reviewers provided feedback and typically

suggested modifications to the gloss and/or complained on the rationale.

RESULTS OF THE EXPERIMENT

e Participants Satisfaction: Developers and Validators felt comfortable to how the
assignments and notification of tasks were taking place using EasyChair. In
addition, the exchange of comments among participants was done in a seamless
way. However, developers spent a long time in the development process as they
had to perform the analysis phase using external resources and tools (such as
WordNet, and GeoWordNet) then define the newly created synsets and concepts
in a new file. The development process required switching between the external
resources and the new file several times during the development of each synset

which consumed a significant amount of time and effort.

e Advantages and limitations of EasyChair: Concerning the advantages, we found

out that EasyChair nicely supports the assignment, collection and moderation of

11 http://www.geonames.org/
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the reviews; it partially supports communication between participants via email

facilities; it helps converging to commonly agreed decisions. However, EasyChair

is not properly designed for ontology development and validation, but rather for

paper review. We identified the following weaknesses:

1.

Pull vs. Push approach: it is based on a pull (authors submit) rather than

push (developers are assigned a task) approach.

Static Workflow: the workflow is static and cannot be changed. It does
not support continuous refinement loops, but only up to one rebuttal
phase. In case of rejection from the reviewers, a synset can be
resubmitted, but it is hard to keep track of how the submission and the
reviews evolve (i.e., what has been changed by the developer with the
refinement? Did the developer accommodated for the feedback

received?).

Levels of development/validation: it does not provide a broad view of
the implications of an acceptance, i.e. the position that a certain concept
would take in the ontology if accepted (w.r.t. the parent, the siblings and
the children). In fact, EasyChair can be used to only support the DERA
analysis, and not the synthesis (i.e., we cannot get an overview of how the

facet is overall getting shape).

Order of development/validation: given that deeper nodes are defined
in terms of higher nodes, the order of review should be top-down, i.e.
from the root to the leaves (and not in the order of submission); the tool

does not give any suggestion about the order.

Cost of the process: the process is too costly in terms of time. Everything
was submitted and resubmitted as document attachments. This turned
out to be impractical as it took significant time and it is not even possible
to reconstruct the sequence of submissions as new ones override old

ones.

Reputation: there is an issue of appropriately engaging developers and
validators. EasyChair does not support the possibility to maintain a social

network of experts to be allocated on demand on the basis of their skills.
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FINAL EXPERIMENT

We performed a final experiment at the purpose of evaluating the collaborative
platform. The experiment focused on ontology development in English and ontology
localization in Italian. In the following subsections, we present the experimental setting

and results of the experiment.

EXPERIMENTAL SETTING

)

We aimed at the development of a multilingual ontology of “flowing bodies of water”
including concepts like river and fiord. The development process was done in English
using the UKC collaborative platform explained in chapter 8. The single approval
workflow was used to develop the synsets (one developer and one validator). The
approved English synset was assigned to an Italian translator who was obtaining the
corresponding Italian synsets from Italian part of MultiWordNet which is then got
validated by an Italian native speaker. Figure 9.1 shows the collaborative workflow

used to manage the whole process.

In this experiment, discussion threads were initiated between participants and external
knowledge experts who were not taking part in the development/validation activities
but they were allowed to participate in the discussions and share their opinions. In case
of conflicts, an interactive poll was created by an administrator, results of the poll were

useful to the validator in taking the final decision.

The following are the list of participants and their roles:

e Ontology Developer: Defines new synsets and define semantic relations between
their language-independent atomic concepts according to DERA methodology

guiding principles.

e Ontology Validator: Validates the defined synsets and the overall ontology according
to DERA methodology guiding principles in a collaborative manner with the ontology

developer.
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e [talian Translator: Obtains the corresponding synset in Italian from the Italian part of

MultiwordNet, or translate the English synset incase the Italian synset is undefined.
e [talian Linguistic Validator: Validates the translated synsets by the Italian translator.

e Administrator: Defines the collaborative workflow, user roles, and creates interactive

polls in case of conflicts.

e Community Members: Their participation is optional, they are able to
watch/participate in the on-going discussions and the interactive polls in case of

conflicts

Ontology Developer

Define English synset and its atomic

-

concepts according to DERA methodology R
‘ Italian Translator
e § : - _ :
\Z2= System assigns 3 new validation —=( Manipulate Collaboration Object H
task tothe corresponding Ont odogy
Validator and sends a notification.
i Fis
OntologyValidator {2 < ystem assigns a new vaidation

task to the corresponding UKC

validator and sends a notification to . . .

the validator Italian Linguistic
Validator views and validates that Validator
task performed by the Developer

AT :
— L = Validator views and validates that
- | reason and notify the task
“| developer to resubmit
the task.
b Fis
L No 2 nid 2 rejection
Approve - reason and notify the_
developer to resubmit
the task,
The task is marked as Yes
approved and 3

notification is sent to

the Italian Translator

to translate the new
English synset

The task is marked
as approved and
the new entries
become available to
End Users

Figure 9.1- Collaborative workflow used in the development of “flowing body of

water” multilingual ontology.
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RESULTS OF THE EXPERIMENT

Participants Satisfaction: Developers and Validators found the interactive
features of the application very pleasing and easy to use. Among these features,
interactive input forms, drag and drop facilities, and filtering concepts by
semantic relations. These features were used extensively by the participants and
saved a significant portion of their time. However, participants requested a new
feature related to the sysnet update operation, they preferred to perform

multiple synset updates while keeping track of all the previous values.

Multilingual Ontology: the participants produced an ontology composed of 73
concepts (43 entity classes, 19 relations and 11 attributes). As the ontology was
developed according to the DERA methodology, the domain ontology (D) is
composed of three facets; a facet defining classes of entities (E), a facet defining

possible relations between entities (R), and a facet defining entity attributes (A).

Figure 9.2, shows a screen shot obtained from the collaborative platform for the
developed “flowing body of water” facet in English and Italian. The facet
hierarchy represents the defined classes of entities that could be considered as
flowing bodies of water. At the top of the hierarchy, the concept of “flowing body
of water” which has one is-a child concept “stream”. The “stream” concept has
many child concepts; few concepts are connected by part-of relation such as
“stream-bend” and “section of stream” while the rest of the concepts are

connected by is-a relation such as “river”, “brook” and “spring”.

The Italian translator has identified two lexical gaps in the Italian language
billabong and oxbow. The former refers to a branch of flowing water made by the
portion of water coming from the main stream only when the water level is high.

The later refers to a U-shaped curve in a stream.
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-/ @ [fowing body of water]
-/ @ (is_a) [stream]
@ (part_of) [stream bend]
- & lis_a) [tidal river]
& (is_a) [tidal creek]
& (is_a) [intermittent stream]
[ (is_a) [abandoned watercourse]
- & (is_a) [river]
I (is_a) [lost river]
-/l (part_of) [estuary]
i (is_a) [firth]
@ (part_of) [rapid]
- & (part_of) [waterfall]
& (is_a) [cascade]
& (is_a) [cataract]
-/ @ (is_a) [brook]
I (is_a) [brooklet]
& (is_a) [headstream]
& (is_a) [rivulet]
-/ i@ (is_a) [branch]
I (is_a) [billabong]
I (is_a) [distributary]
I (is_a) [feeder]
I (is_a) [anabranch]
-/ @ (part_of) [section of stream]
& (is_a) [headwaters]
I (is_a) [confluence]
-/ & (is_a) [stream mouth]
-/ @ (is_a) [estuary]
ﬁ (is_a) [firth]
I (is_a) [midstream]
& (is_a) [stream bend]
@ (part_of) [ford]
-/ @ (part_of) [meander]
& (is_a) [oxbow]
@ (part_of) [midstream]
& (part_of) [cutoff]
I (part_of) [reach]
-/ & (is_a) [spring]
[ (is_a) [sulphur spring]
& (is_a) [hot spring]
& (is_a) [geyser]
& (is_a) [sulphur spring]

-/ @ [acqua corrente]

- @ (is_a) [corso d'acqua]

& (part_of) [ansa del corso d'acqual

-/ & (is_a) [fiume di marea]

& (is_a) [ruscelletto]
I& (is_a) [corso d'acqua a siccita stagionale]

I& (is_a) [corso d'acqua asciutto]

-/ [ (is_a) [fiume]

& (is_a) [fiume sotterraneo]
-/ @ (part_of) [estuario]
& (is_a) [fiordo]
& (part_of) [rapide]
-/ @ (part_of) [cascata]
@ (is_a) [cascatella]
I (is_a) [cataratta]

-/ & (is_a) [ruscello]

& (is_a) [rivolo]
& (is_a) [sorgente di un fiume]
& (is_a) [rivolo]

- & (is_a) [immissario]

I (is_a) [billabong]
& (is_a) [emissario]
[ (is_a) [affluente]
& (is_a) [affluente]

-/ @ (part_of) [parte di corso d'acqua]

& (is_a) [sorgente]
& (is_a) [confluenza]
- @ lis_a) [foce]
-/ [@ (is_a) [estuario]
& (is_a) [fiordo]
3 (is_a) [meta del corso d'acqual
@ (is_a) [ansa del corso d’acqual
& (part_of) [guado]
- @ (part_of) [meandro]
& (is_a) [oxbow]
& (part_of) [meta del corso d"acqua]
& (part_of [taglio]
[ (part_of) [braccio]
- @ lis_a) [fonte]
@ (is_a) [sorgente sulfurea]
I (is_a) [sorgente calda]
& (is_a) [geyser]

@ (is_a) [sorgente sulfurea]

Figure 9.2- Flowing Bodies of Water Ontology (Classes of Entities) in

English (left) and Italian (right)



Figure 9.3, shows a screen shot of the possible relations between entities in
English and Italian. The concepts: “branch”, “direction” and “relative level” are

among the possible relations that may exist between flowing bodies of water.

[branch] [immissario]
I (is_a) [billabong] I3 (is_a) [billabong]
I (is_a) [distributary] I3 (is_a) [emissario]
i3 (is_a) [feeder] i3 (is_a) [affluente]
I (is_a) [anabranch] I3 (is_a) [affluente]
@ [direction] i@ [direzione]
& (is_a) [easf] i (is_a) [est]
[ (is_a) [south] i3 (is_a) [sud]
& (is_a) [west] I (is_a) [ovest]
I (is_a) [north] i3 (is_a) [nord]
I (is_a) [southeastern] Il (is_a) [sudorientale]
I (is_a) [southwestern] I3 (is_a) [sudoccidentale]
i3 (is_a) [northwestern] I (is_a) [nordoccidentale]
I (is_a) [northeastern] Il (is_a) [nordorientale]
& (is_a) [incoming] I (is_a) [entrante]
i3 (is_a) [outgoing] 3 (is_a) [uscente]
i@ [relative level] @ [ocuzione di luogo]
I (is_a) [below] I (is_a) [sotto]
I3 (is_a) [above] i3 (is_a) [sopra]

Figure 9.3- Flowing Bodies of Water Ontology (Relations between Entities)
in English (left) and Italian (right)

Figure 9.4, shows a screen shot for the entity attributes in English and Italian.
The concepts: “name”, “depth”, “length”, “area”, “latitude”, “longitude” and
“altitude” are the attributes defined for any flowing body of water. The depth
attribute name is related to deep and shallow attribute values via value-of
relation and the length attribute name is related to long and short attribute

values via value-of relation.
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[name] [nome]

[depth] <28288> [profonditi]
i (value_of) [deep] Il <85644> (value_of) [profondo]
i (value_of) [shallow] [ <85647> (value_of) [poco profondo]
<28259> [length] <28259> [lunghezza]
I <89775= (value_of) [long] I <89775> (value_of) [lungo]
I3 <89763> (value_of) [short] [ <89763> (value_of) [corto]
[area] [area di superficie]
[latitude] [latitudine]
[longitude] [longitudine]
[altitude] [altitudine]

Figure 9.4- Flowing Bodies of Water Ontology (Entity Attributes) in English
(left) and Italian (right)
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Chapter 10

CONCLUSION AND FUTURE WORK

The UKC collaborative platform is an effective linguistic resource enrichment and
ontology development tool that allows for knowledge organization in a language-
independent manner. The collaborative development process takes place in a
customizable community based manner following a workflow-based approach and

making use of web 2.0 social and collaborative features.

The contributions presented in this thesis have been considered as a basic practical step
in which the guidelines for an ideal and usable system have been set, along with its
architecture, but the features yet to be implemented are considered as a part of the
future work. Among these, introducing more customizable collaborative workflows and

introducing two main types of collaborative objects: entity types and domains.

COLLABORATIVE DEVELOPMENT OF ENTITY TYPES

Entity Types development aims to extend the platform and allows for collaborative
development of the codifying information about entities. Basically, it's essential to
understand that an entity is any self-contained real world object denoted by its
identifier or name and has its own set of attributes. For instance, Paris is an entity of
type Location. An entity type provides a sort of template for defining entity attributes

and relations between entity types using language-independent concepts.

In order to clarify the idea in more detail, we can make an analogy between the entity
types and the Object Oriented Programming methodology, an entity type definition
analogous a class and an entity analogous an instance object or an instance of class.
Other object oriented features like inheritance are also supported, entity type may
extend a more generic entity type. Figure-10.1 gives an example of four entity type

definitions (Person, Politician, Organization, and Political Party) modeled as a class
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diagram. Politician inherits Person as it is considered as a more specific entity type
definition of Person and Political Party inherits Organization as it's considered as a
more entity type of Organization. Entities of type Politician are related to the Political

Party entities, the relation type could be defined as “belongs to”.

Person Organization
id: Integer id: Integer
name: String name: String
dateOfBirth: Date seat Location

* fr

Politician Political Party

party: PoliticalParty belongs tob politicalView: String

1 0.1

Figure-10.1: Entity type definitions modeled as UML class diagram

COLLABORATIVE DEVELOPMENT OF DOMAINS

Domain development aims to extend the platform and allows for collaborative
development of the codifying information about domains. Basically, a domain provides a
comprehensive knowledge about a specific topic of interest such as a field of study (i.e.
Computer Science, Physics etc.) or any real life topic of interest (i.e. Space, Sports,

movies etc.).

A domain could be defined as an aggregation of entity types. The purpose of a domain is
to define the basic terminology of a specific domain of interest in terms of relevant
entity classes. The domain terminology further defines and represents the relation

between entity types, and entity type attributes using language independent concepts.

100



Figure-10.2 gives an example for the list of entity types associated with the movie

domain together with its corresponding domain terminology. Domains could be

aggregated to compose a hierarchy of domains where the low level domains are more

specific than the upper level domain. For instance, the domain soccer can be defined as

more specific domain than Sports.

Movie

Actor

Genre: Concept<Genre>

Director: <Person>

Movie: <Movie>

Genre
Horror
Science fiction
Director Movie
[Domain terminology]—I

[Etypes]

Figure-10.2: Movie Domain defined as an aggregation of entity types (Movie and

Actor) and the corresponding domain terminology as language-independent

concepts.
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APPENDIX A - INTERVIEWS

Interviews can be defined as a conversation with a purpose between an interviewer and

interviewee. Interviews could be used as an effective way for gathering requirements

before designing and implementing new systems. Fontana and Frey (Fontana, A. et el

2000) listed four main types of interviews: structured interviews, unstructured

interviews, semi-structured interviews, and focus groups. The first three types differ on

the nature of the interview questions and according to how much control the

interviewer imposes on the conversation. The fourth type is more like a brainstorming

session or an open discussion with a group of people. Here, we define the four main

types of interview in more detail:

1-

3-

Structured interviews are forms of discussions in which the interviewer asks a
set of specific questions similar to those in a questionnaire and requires an
answer from a predetermined set of alternatives. For example, did you use any
online community for ontology engineering and the expected answer should be

either yes or no.

Unstructured interviews are more like conversations around a particular topic
and involve open questions with no particular expectation about the answer
from the interviewee. For example, what are the features that attracted you

while using your favorite online community?

Semi-structured interviews combine features of structured and unstructured

interviews by using both closed and open questions during the interview.

Focus groups are forms of open discussions between small groups of people

guided by a facilitator.

After reviewing the four different types of interviews, we decided that the best way to

interview our knowledge experts is by following an unstructured interviews and let the

experts express their knowledge freely while asking them a set of open questions.
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The following table has been used during the interviews to gather requirements for UKC
WordNet Applications, the table shows sample of the predefined questions. Interviews

were also accompanied with sketches and initial mockups.

Question Answer

Are you a frequent user of WordNet Online

application?

If yes, what did you like about it?

If yes, what do you think was missing?

Are you a frequent user of other linguistic
resources like MultiWordNet and

EuroWordNet?

If yes, what did you like about them?

If yes, have you been using any other

linguistic resources?

Do you think there is a better way to

design a multilingual linguistic resource?
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The following table has been used during the interviews to gather requirements for UKC

interactive and collaborative platform, the table shows sample of the predefined

questions. The interviews were conducted regularly to revise and update the

requirements. Interviews were also accompanied with sketches and mockups.

Question

Answer

Did you use any platform for knowledge
construction and maintenance other than
UKC? If yes, was it a collaborative

platform?

If yes, what did you like about it?

If yes, what do you think was missing?

Do you know about web 2.0 collaborative

and social features?

Do you know about communities of

practice?

If yes, did you participate in any

community of practice?

If yes, which web 2.0 features may fit for
an online community of practice for

knowledge construction and maintenance?

Do you think the proposed Workflows

approach for UKC is an effective approach?

If yes, how can we enhance it?
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